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ciaim - IMrlODUCTZON

last Nistoen of Nvdroloaia
Modelina Efforts in North NissisipLni

In the past, the Agricultural Research Service (ARS), the

U.S. Army Corps of Engineers (COE), and the Soil Conservation

Service (SCS) have worked to stabilize stream bank erosion in

North Mississippi. In this effort, there have been many

structures built which required the estimation of a design

flow. In the design of these structures, various hydrologic

models have been used. In some cases, different methods or

models were used for the same watershed. In those cases, a

significant difference in computed design flows usually

resulted. The question then is "which method computes the flow

that is closest to the correct flow?". Two examples of studies

where different methods have been applied are presented below.

The discussion focuses on a description of the watersheds, the

procedures used on each watershed, and the results from each

procedure. As noted above, the primary purpose of the methods

employed was to generate a peak design flow for stream bank

erosion and/or grade control structures.

Long Creek Watershed. The Long Creek watershed is located

in the southwestern part of Panola County in north-central

Mississippi (Figure 1. 1).1 The watershed covers an area of

approximately 86 sq. miles (55,074 acres) and is rectangular

in shape, approximately 13 miles long and 8 miles wide. The
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Figure 1.1 -Long Creek Watershed Map
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Long Creek basin drains into the Yocona River downstream of

Enid Reservoir and is a part of the Yazoo River Basin. The

relief of the watershed is 314 feet with the lowest point at

170.5 feet NGVD and the highest point at 485 feet NGVD. 1

Long Creek watershed lies in a subtropical region

characterized by mild, humid winters and long, hot, and humid

summers. The weather in the region is controlled by its.

proximity to the Gulf of Mexico and prevailing southerly

winds. The wet seasons are winter and spring with prolonged,

low intensity rains. During the summer and fall, rain falls

mostly as thunderstorms with intense rainfall, short duration,

and limited aerial coverage. Hurricane force winds do not

affect the region but heavy rainfall from tropical storms do

occur occasionally in the summer and fall months.'

There are three National Weather Service Stations in the

vicinity of the Long Creek watershed: Batesville, Enid Dam,

and Water Valley. Average annual precipitation for these three

stations is given in Table 1.1. This study was conducted in

1987 and as such the data presented here is only accurate up

to that point in time. The driest year of record was 1981 with

the wettest year being 1973. In 1981, the rainfall amounts (in

inches) at the three stations were: Batesville - 38.83, Enid

Dam - 34.61, and Water Valley - 34.62. In 1973, the rainfall

amounts (in inches) were: Batesville - 75.35, Enid Dam -

73.96, and Water Valley - 80.89.
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Table 1.1 Average Annual Precipitation at Stations in
the Long Creek Watershed Vicinity. 1

Average Annual
Precipitation Period

Station (inches) of Record

Batesville 53.53 1949 - 1986
Enid Dam 51.79 1949 - 1986
Water Valley 54.25 1949 - 1986

In the Long Creek watershed, there were twelve streams

used in the hydrologic analysis. Table 1.2 lists the streams

and the drainage area of each.

Table 1.2 Drainage Areas for the Streams Studied in

the Long Creek Watershed.

Drainage Area

Stream Name Acres Sq. Miles

Peters Creek 55,074 86.05
Bobo Bayou 3,940 6.16
Pope Tributary 1,916 2.99
Long Creek 39,265 61.35
Johnson Creek 13,257 20.71
Hurt Creek 4,486 7.01
Goodwin Creek 5,489 8.58
Goodwin Creek Tributary No. 2 436 0.68
Goodwin creek Tributary No. 3 878 1.37
Goodwin creek Tributary No. 4 997 1.56
Goodwin creek Tributary No. 4E 279 0.44
Caney Creek 9,221 14.41

For the above mentioned streams, there were three

different hydrologic analyses performed. In 1966, taken from

the Long Creek watershed report dated July 1987, the U.S. Army

Corps of Engineers used the generalized peak flow frequency

analysis procedure for Yazoo Hill area. This procedure was
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developed by taking numerous observed discharge readings

within the Yazoo Hill area and using least squares regression

analysis to determine a relationship for peak flow as a

function of the physiographic watershed parameters. By knowing

the basin area, slope, and stream length, the peak flow for a

specific frequency can be calculated.

In 1976, there was a Flood Frequency of Mississippi

Streams analysis done by Colson and Hudson of the United

States Geological Survey (USGS).2 This method involved

essentially the same regression analysis as the Yazoo Hill

Area procedure except that data was taken over the whole state

instead of just the Yazoo Hill area. Again, by knowing the

basin area, slope, and stream length, the USGS equations can

be used to calculate a peak flow for a given frequency.

In 1987, FTN Associates, Ltd. from Little Rock, Arkansas

performed an HEC-1 study, for the Vicksburg District COE,

using Snyder's Unit Hydrograph method for overland flow and

the Muskingum channel routing routine. The Muskingum method

requires three parameters for each channel reach. These

parameters are the Muskingum K coefficient, the Muskingum X

coefficient, and the number of routing subreaches within the

channel reach. These parameters are best determined from

recorded inflow and outflow data for the reach in question. 3

However since streamflow data is limited for the watersheds

being modeled, other methods were used to estimate the

parameters.
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The Muskingum K coefficient is known as the storage

coefficient and is the ratio of storage to discharge. It has

the dimensions of time and can be estimated as the travel tie

of the flood wave through the reach. The only data available

for estimating travel time were the channel length and slope

determined from topographic maps, and estimates of channel

size and roughness based on site visit observations. These

data were used to estimate the velocity and hence the travel

time through each reach. 3

The Muskingum coefficient x has theoretical limits

between 0.0 and 0.5 with a mean value near 0.2. For this study

(FTN Associates Flood Frequency Analysis for Long Creek), the

coefficient was set equal to 0.10 for all channel reaches to

reflect the expected storage effects characteristic of this

type of watershed.

Results from the three peak flow frequency methods are

presented in Table 1. 3 where USGS corresponds to the USGS

Flood Frequency of Mississippi Streams analysis, COE

corresponds to the Generalized Peak Flow Frequency for Yazoo

Hill Area analysis, and HEC-I corresponds to the Calibrated

HEC-1 study performed by FTN Associates LTD.
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Table 1.3 - Listing of Results from the Flood Frequency
Analyses for Long Creek Watershed. (FTN Associates, LTD.)

Return
Period USGS COE HEC-1

Stream Location (yr) (cfs) (cfs) (cfs)

Peters Creek 2 6,266 9,200 22,300
at Yocona River 5 10,975 13,200 29,000
D.A. - 86.05 mi2  10 14,314 16,700 33,900

25 20,137 23,500 39,400
50 24,326 28,500 44,700

100 31,759 35,000 49,900

Boo Bayou 2 1,547 1,780 2,970
at Peters Creek 5 2,554 2,500 3,820
D.A. - 6.16 mi2  10 3,273 3,200 4,390

25 4,163 4,500 5,060
50 4,983 5,500 5,700

100 5,554 6,800 6,440

Pope Tributary 2 823 1,100 1,670
at Peters Creek 5 1,312 1,580 2,140
D.A. - 2.99 mi2  10 1,659 2,000 2,460

25 2,090 2,800 2,840
50 2,484 3,400 3,170

100 2,758 4,250 3,580

Long Creek 2 7,393 7,400 14,000
at Peters Creek 5 13,334 10,500 18,100
D.A. - 61.35 mi 2  10 17,828 13,500 21,100

25 23,657 19,000 24,400
50 29,157 23,000 27,600

100 32,935 28,500 31,000

Johnson Creek 2 2,239 3,750 7,170
at Long Creek 5 3,761 5,300 9,270
D.A. - 20.72 Ui2  10 4,892 6,800 10,700

25 6,410 9,500 12,400
50 7,828 11,500 14,000

100 8,776 14,300 16,000

Hurt Creek 2 1,150 1,880 3,260
at Johnson Creek 5 1,872 2,580 4,180
D.A. - 7.01 mi 2  10 2,393 3,400 4,840

25 3,123 4,800 5,580
50 3,743 5,800 6,250

100 4,310 7,200 7,060
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Table 1.3 - Continued

Return
Period USGS COE HEC-1

Stream Location (yr) (cfs) (cfs) (cfs)

Goodwin Creek 2 1,356 2,150 3,510
at Long Creek 5 2,224 3,050 4,500
D.A. - 8.58 mi 2  10 2,851 3,900 5,140

25 3,740 5,500 5,910
50 4,484 6,000 6,630

100 5,200 8,200 7,560

Goodwin Creek 2 244 430 558
Tributary No. 2 5 357 620 709
at Goodwin Creek 10 431 790 808
D.A. - 0.68 mi 2  25 535 1,100 926

50 617 1,350 1,030
100 705 1,680 1,190

Goodwin Creek 2 346 670 916
Tributary No. 3 5 523 960 1,160
at Goodwin Creek 10 645 1,220 1,340
D.A. - 1.37 ui 2  25 822 1,720 1,540

50 961 2,100 1,710
100 1,114 2,600 1,950

Goodwin Creek 2 457 740 1,320
Tributary No. 4 5 704 1,050 1,680
at Goodwin Creek 10 877 1,320 1,930
D.A. - 2.00 mi 2  25 1,125 1,850 2,220

50 1,323 2,250 2,460
100 1,530 2,800 2,810

Goodwin Creek 2 218 320 373
Tributary No. 4E 5 315 440 474
at Goodwin Creek 10 379 580 538
Tributary No. 4 25 455 810 617
D.A. - 0.44 mi2  50 527 980 687

100 571 1,220 800

Caney Creek 2 2,607 3,000 5,670
at Long Creek 5 4,457 4,200 7,290
D.A. - 14.40 mi 2  10 5,826 5,400 8,470

25 7,537 7,600 9,790
50 9,159 9,200 10,980

100 10,202 11,500 12,410
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mickabala-Ienatebia creok Watershed. The Hickahala-

Senatobia watershed is located approximately 30 miles south of

Memphis, TN. in northwestern Mississippi. A general location

map for the watershed is shown in Figure 1.2. Hickahala Creek

is a tributary to the Coldwater River just upstream of

Arkabutla Reservoir. The Hickahala Creek watershed is located

in portions of Tate, Panola, and Marshall Counties and

encompasses approximately 230 square miles. The largest urban

area of the watershed, the city of Senatobia, is located near

the confluence of Senatobia and Hickahala Creeks,

approximately 6 miles upstream of the confluence of Hickahala

Creek and the Coldwater River. 3

As with the Long Creek watershed, there were three

different hydrologic methods used to estimate design flows for

the stream bank erosion and grade control structures in the

watershed. These were a calibrated HEC-1 model using Synder's

Unit Hydroqraph method for overland flows and the Muskingum

channel routing method, the USGS Flood Frequency method for

Mississippi Streams, and the US COE Generalized Peak Flow

Frequency method for Yazoo Hill Area.

The parameters used in the Muskingum routing, K and X,

were obtained in a similar manner as in the Long Creek study.

However for this watershed, X was estimated to be 0.15.

Results are presented in Table 1.4.
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Figure 1.2 -Hickahala-Senatobia Creek Watershed Map
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Table 1. 4 - Peak Discharge Fstimates within the Hickahala-

Senatobia Croek Watershed (Simons, LI, & Associates, Inc.)

Return
Period USGS COE HEC-1

Streom Location (yr) (cfs) (cfs) (cfs)

Hickahala Creek 2 2,630 3,600 2,646

Upstream of 5 4,484 5,100 4,073

Cathay Creek 10 5,860 6,500 5,30:

D.A. - 19.24 Ui 2  25 7,685 9,100 6,725
50 9,360 11,100 8,263

100 10,577 13,800 9,988

Hiickahala Creek 2 3,721 5,100 5,260

Downstream of Beards 5 6,420 7,200 7,835

Creek and Cathey 10 8,420 9,300 10,193

Creek 25 11,r231 13,000 12,734

D.A. - 36.82 Xi2  50 13,715 15,800 15,597
100 15,803 19,400 18,789

Hiickahala Creek 2 4,050 6,500 5,881

Downstream of 5 6,964 9,300 8,460

Whites Creek 10 9,121 11,900 10,850

D.A. - 50.00 1iz 25 12,156 16,500 13,564
50 14,895 20,000 16,575

100 17,015 25,000 19,928

Hickahala Creek 2 6,580 10,000 11,129

Downstream of 5 11,545 14,500 15,311

Lick Creek 10 15,222 18,000 19,359

D.A. - 98.47 mi 2  25 20,400 25,800 23,849
50 25,117 31,000 28,980

100 28,679 38,500 34,687

Hickahala Creek 2 6,942 11,300 11,931

Downstream of 5 12,130 16,000 16,131

Basket Creek and 10 15,942 20,600 20,266

Thornton Creek 25 21,358 28,800 24,879

D.A. - 119.49 mi2  50 26,286 35,000 30,165
100 29,972 43,000 36,057

Hickahala Creek 2 6,672 11,500 11,996

Upstream of 5 11,573 16,600 16,208

Senatobia Creek 10 15,142 21,100 20,330

D.A. - 125.97 mi 2  25 20,274 29,800 24,951
50 24,909 36,000 30,243

100 28,418 44,500 36,133
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Table 1.4 - Continued

Return
Period USGS COE HEC-1

Stream Location (yr) (cfa) (cfs) (cfs)

Hickahala Creek 2 9,115 17,000 28,310
at Coldwater River 5 15,844 24,000 36,069
D.A. - 229.51 mi2  10 20,650 31,000 43,774

25 27,741 43,000 51,992
50 34,031 52,500 60,637

100 39,989 64,000 70,405

Cathey Creek at 2 700 1,300 933
Hickahala Creek 5 1,108 1,900 1,352
D.A. - 4.03 miz 10 1,397 2,400 1,741

25 1,820 3,400 2,141
50 2,163 4,050 2,582

100 2,515 5,000 3,068

Beards Creek at 2 1,337 2,500 1,963
Hickahala Creek 5 2,176 3,500 2,935
D.A. - 10.94 Ui2  10 2,775 4,000 3,815

25 3,723 6,400 4,745
50 4,440 7,700 6,783

100 5,366 9,300 6,934

Whites Creek 2 056 1,600 1,120
at Hickahala Creek 5 1,362 2,250 1,750
D.A. - 5.38 Zi2  10 1,719 2,800 2,246

25 2,270 4,000 2,792
50 2,688 4,800 3,398

100 3,210 6,000 4,070

James Wolf Creek 2 2,779 4,250 3,638
Downstream of 5 4,728 6,000 5,153
Martin Dale Creek 10 6,178 7,700 6,537
D.A. - 25.40 Ui2  25 8,137 10,800 8,049

50 9,944 13,200 9,728
100 11,229 16,200 11,589

James Wolf Creek 2 3,005 5,800 4,877
at Hickahala Creek 5 5,069 8,000 6,526
D.A. - 38.90 mi 2  10 6,577 10,500 8,178

25 8,808 14,500 9,968
50 10,724 17,500 12,055

100 12,458 21,500 14,385
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Table 1.4 - Continued

Return
Period USGS COE HBC-1

Stream Location (yr) (cfs) (cfs) (cfs)

Martin Dale Creek 2 846 1,550 1,256
at James Wolf Creek 5 1,351 2,200 1,721
D.A. - 4.94 Ril 10 1,713 2,750 2,147

25 2,233 3,800 2,584
50 2,661 4,700 3,069

100 3,085 5,400 3,535

Lick Creek at 2 594 1,100 912
Hickahala Creek 5 925 1,600 1,440
D.A. - 3.11 ai2  10 1,155 2,000 1,847

25 1,509 2,750 2,301
50 1,773 3,400 2,735

100 2,112 4,300 3,210

Basket Creek at 2 1,182 2,350 1,503
Hickahala Creek 5 1,914 3,300 2,159
D.A. - 9.71 Ri 2  10 2,439 4,300 2,763

25 3,250 5,900 3,432
50 3,887 7,200 4,185

100 4,625 9,000 5,020

Thornton Creek at 2 964 1,400 1,200
Hickahala Creek 5 1,547 1,950 1,783
D.A. - 4.65 Ri 2  10 1,957 2,500 2,268

25 2,535 3,500 2,812
50 3,006 4,300 3,393

100 3,487 5,200 4,034

Steamuill Branch 2 549 960 692
at Thornton Creek 5 852 1,350 1,028
D.A. - 2.39 Ri 2  10 1,062 1,750 1,341

25 1,365 2,400 1,675
50 1,606 2,900 2,024

100 1,865 3,700 2,409

Billys Creek at 2 594 1,051 759
Hickahala Creek 5 928 1,550 1,198
D.A. - 2.93 ai2 10 1,163 1,950 1,591

25 1,505 2,650 1,992
50 1,777 3,300 2,394

100 2,072 4,200 2,836
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Table 1.4 - Continued

Return
Period USGS COE HEC-I

Stream Location (yr) (cfs) (cfs) (cfs)

Senatobia Creek 2 4,622 7,900 16,961
Downstream of 5 8,023 9,900 19,264
Nattic Creek 10 10,545 12,700 22,750
D.A. - 55.14 U1 2  25 14,113 17,700 26,202

50 17,297 21,500 27,894
100 19,892 26,500 31,255

Senatobia Creek at 2 3,770 7,650 16,706
Hickahala Creek 5 6,365 10,900 19,305
D.A. - 64.68 mi 2  10 8,231 13,900 22,755

25 11,170 19,800 26,274
50 13,567 23,800 27,839

100 16,100 29,000 31,159

Tolbert Jones Creek 2 757 1,500 1,797
at Senatobia Creek 5 1,200 2,100 2,179
D.A. - 4.64 Xi 2  10 1,514 2,700 2,572

25 1,987 3,700 3,044
50 2,358 4,600 3,476

100 2,779 5,300 4,012

Mattic Creek at 2 2,798 4,100 9,422
Senatobia Creek 5 4,741 5,900 11,148
D.A. - 27.88 mi 2  10 6,159 7,500 13,171

25 8,288 10,500 15,103
50 10,033 13,000 16,121

100 11,875 15,500 18,080

Nelson Creek at 2 1,486 2,800 4,808
Mattic Creek 5 2,433 4,200 5,679
D.A. - 14.23 mi 2  10 3,123 5,200 6,679

25 4,136 7,600 7,860
50 4,997 9,200 8,132

100 5,786 11,500 9,158

Gravel Springs Cr. 2 511 1,100 1,224
at Senatobia Creek 5 790 1,550 1,523
D.A. - 2.84 mi 2  10 982 2,000 1,635

25 1,288 2,750 1,899
50 1,512 3,600 2,060

100 1,815 4,200 2,637
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Table 1.4 - Continued

Return
Period USGS COE HEC-1

Stream Location (yr) (cfs) (cfs) (cfs)

West Ditch at 2 1,515 3,250 5,083
Hickahala Creek 5 2,469 4,600 5,824
D.A. - 16.84 miU 10 3,150 6,950 6,801

25 4,267 8,250 7,872
50 5,111 10,000 8,412

100 6,203 12,000 9,518

From an inspection of Tables 1.3 and 1.4, a significant

difference in the design flows computed by each method is

observed. From Table 1.3, the % variance (ie, 100 x (Maximum

Q / Minimum Q) for the 2 year frequency storm had a minimum of

171.1, a maximum of 355.9, and an average of 247.8. The

variance for the 100 year frequency storm had a minimum of

115.8, a maximum of 238.3, and an average of 170.6. From Table

1. 4, the % variance for the 2 year frequency storm had a

minimum of 136.9, a maximum of 443.1, and an average of 220.9.

The variance for the 100 year frequency storm had a minimum of

122.8, a maximum of 231.4, and an average of 173.4.

puruose and asme of Study

Since design flows must often be computed for unyaged

watersheds, the discrepancy in the peak flows observed above

causes concern about the relative accuracy of hydrologic

methods/models currently used to simulate rainfall events.

This concern was the stimulus for conducting the research
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reported herein. In particular, the commonly employed SCS and

Snyder's Unit Hydrograph methods of the HEC-1 computer program

(one dimensional lumped models) have been compared to a

recently developed two-dimensional distributed model from

Colorado State University, CASC2D, to determine if this model

that contains more spatial data can produce more reliable

results when applied to ungaged basins.

Traditionally, the Snyder and SCS Unit Hydrograph methods

are used to estimate the peak discharge for the purpose of

designing channels, structures, etc. In using these methods,

it is necessary to calibrate the lag time and infiltration

parameters for each of the methods. Typically in using the

Snyder method, initial and uniform loss rates are calibrated

for different storm events. When using the SCS method, an SCS

Curve Number relating landuse and soil type to loss rates is

estimated.

The watershed chosen for this study was the Goodwin Creek

Watershed. As illustrated in Figure 1.1, this watershed is a

sub-watershed of the Long Creek Watershed. The Agricultural

Research Service has been active for a number of years in

gaging Goodwin Creek. These data provide an excellent

opportunity for applying the hydrologic models noted above and

to assess their performance on gaged and ungaged watershed

scenarios, and to gain insight in choosing infiltration and

other loss parameters for their application to North

Mississippi Streams.
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CSAPTU 11 - TEZORZTIC3L APBYSM amD Inv aODOLOGY

IPPLIUD XN T3 COTOPUTR MODZL8 Z-I RIMND CASCID

general Descri4tionlliodel Phil4ooshy

Both the HEC-1 and CASC2D computer models are designed to

simulate the surface runoff response of a watershed to

precipitation by representing the river basin as an

interconnected system of hydrologic and hydraulic components.

Each component models an aspect of the rainfall-runoff process

within a smaller portion of the total watershed, commonly

referred to as a sub-basin. A component may represent an

overland flow entity, stream channel reach, reservoir, and

etc. Representation of a component requires a set of

parameters which specify the particular characteristics of the

component and mathematical relations which describe the

physical processes. The result of the modeling process is the

computation of streamflow hydrographs at desired locations in

the river basin.

A review of the users manuals for HEC-l and CASC2D models

shows that both models have the following comparable stream

network components available for simulation purposes:

1. Land Surface or Sub-Basin Component

2. Channel Routing Component

3. Analysis Point and Hydrograph Combination

A sub-basin land surface runoff component is used to

represent the movement of water overland to the stream

channels. The input to this component is a precipitation
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hyetograph. Precipitation excess is determined by subtracting

infiltration and detention losses based upon a soil

infiltration rate function. The rainfall and infiltration are

assumed to be uniform over a sub-basin area. The resulting

rainfall excesses are then routed by unit hydrograph,

kinematic wave, or diffusive wave techniques to the outlet of

the sub-basin producing a runoff hydrograph.

A reach routing component is used to represent flood wave

movement in the river channels. The input to the component is

an upstream hydrograph resulting from individual or combined

contributions of sub-basin runoff and upstream reach routings.

The hydrograph is routed to the downstream end of the river

reach based upon the conveyance and storage characteristics of

the channel.

A suitable combination of the sub-basin runoff and

channel routing components can be used to represent the

intricancies of a watershed stream network. The connectivity

of the stream network components is implied by the order in

which the data components are arranged. Simulation must always

begin at the upper most sub-basin in a branch of the stream

network. The simulation (succeeding data components) proceeds

downstream until a confluence or a junction is reached. Before

simulating below the confluence, all flows from drainage areas

above that confluence must be computed and routed to the

confluence. The flows are combined at the confluence and the

combined streamflow hydrograph is routed downstream, etc.

D22



USC-I Couter Model

The HEC-1, Flood Hydrograph Package, computer program has

been available for over 25 years. It has been expanded and

revised several times since the first version was published in

October 1968 (version 2 - January 1973, version 3 - September

1981, and version 4 September 1990). A well documented users

manual describes the concepts, methodologies, input

requirements and output formats used in HEC-1. A variety of

computational techniques or simulation options are available

for most of the model components. For example, five different

options of unit graph/kinematic wave techniques are available

to transform rainfall excess into runoff. These include: (1)

Input known unit graph; (2) Clark synthetic unit graph/time-

area data; (3) Snyder synthetic unit graph/time-area data; (4)

SCS dimensionless synthetic unit graph; and (5) Distributed

runoff using kinematic wave or Muskingum-Cunge excess

transformation. Precipitation data for an observed storm event

can be supplied to the HEC-l program by two methods: (1) Basin

average precipitation; and (2) Weighted precipitation gages.

There are three methods in HEC-1 for generating synthetic

storm distributions: (1) Standard Project Storm; (2) Probable

Maximum Precipitation; and (3) Synthetic Storms from Depth-

Duration data. There are five methods available in HEC-1 for

calculating the precipitation losses: (1) Initial and Uniform

Loss Rate; (2) Exponential Loss Rate; (3) SCS Curve Number;

(4) Holtan Loss Rate; and (5) Green and Ampt Infiltration
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Function. The channel routing methods available in HEC-1 are

based upon the continuity equation and some relationship

between flow and storage or stage. The methods are: (1)

Muskingum; (2) Muskingum-Cunge; (3) Kinematic Wave; (4)

Modified Puls; and (5) Working R and D. In addition, HEC-1 has

a level pool reservoir routing option available. HEC-1 also

provides a powerful optimization technique for the estimation

of some of the parameters when gaged precipitation and runoff

data are available. By using this technique and regionalizing

the results, rainfall-runoff parameters for ungaged areas can

be estimated.

CABC2D Comnuter Model

The CASC2D, a two-dimensional watershed rainfall-runoff

model, computer program was recently (1991) developed at

Colorado State University. A user's manual explains the basics

of a two-dimensional distributed rainfall-runoff model for the

simulation and analysis of spatially and temporally varied

rainstorms and basin characteristics. Unlike the HEC-1 model

which has several simulation options available, the primary

features of the CASC2D model include a two-dimensional

diffusive wave overland flow routing component, the Green and

Ampt Infiltration Scheme for a precipitation loss component,

and a one-dimensional diffusive wave channel routing

component. The model uses square grid elements, each of which

is assumed homogeneous in all aspects. However, spatial
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variations are allowed from one grid cell to another. For each

time step, the existing overland surface depth, including that

of rainfall depth over the time step, may be first diminished

by the amount controlled by the infiltration capacity of the

soil at that time. Then the remaining overland surface depth,

if any, is processed through overland flow routing followed by

channel routing. The backwater effects through channel

networks are considered, as well as the disturbances produced

when channels spill over to the floodplains.

The CASC2D model was developed as a tool to carry out

research on effects of spatially varied watershed

characteristics, spatially varied rainfall, and temporally

varied rainfall due to moving rainstorms. The model can be

used to determine the watershed time to equilibrium. An

important potential application for the model is real-time

flood forecasting, especially when coupled with an accurate

updated GIS database and with remote data acquisition systems.

A more detailed description of the computational

techniques and methodology used in the two computer models is

included in the following sections. Only the options of HEC-1

that are equivalent for comparison purposes with the CASC2D

model components will be discussed.

18C2DR Ketho"olo=

The discussion found in this section will be taken from

the CASC2D User's Guide6 . Physically-based, distributed
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computer modeling of rainfall-runoff processes in watershod

hydrology has gained considerable attention in recent years.

Analysis of the processes controlling the watershed response

typically requires solution of fundamental partial

differential equations for overland flow and channel flow.

However, analytical solutions have not been found except for

very simplified cases. These solutions are further complicated

by the temporal variations introduced by the transient nature

of rainfall events and infiltration processes. The inability

to obtain general analytical solutions has resulted in the

adoption of various numerical schemes to simulate rainfall-

runoff events using high speed computers.

CASC2D has been developed to determine the runoff

hydrograph generated from any temporally-spatially varied

rainfall event. The main objective of this model has been to

provide a research tool for further analysis of temporal and

spatial variations. However, it can also be used for real-time

forecasting of rainfall-runoff events. The dynamic graphics

capability of the model provides additional insights into the

physical processes and their distribution in time and space.

Overland Flow Routing. Overland flow is generally a two-

dimensional process which is controlled by spatial variations

in slope, surface roughness, excess rainfall, and other

parameters. Solutions for the full dynamic momentum equation

for overland flow are complicated and generally unnecessary
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for most watershed conditions. Hence a diffusive wave

approximation is preferred.

As the overland flow drains into stream channels, one

dimensional flow prevails. The diffusive wave equation for

channel flow can predict the possible backwater effects in

main channels and tributaries. As in the other watershed

processes, the spatial variations in channel parameters must

be accounted for in the model.

The Saint-Venant equations for continuity and momentum

describe the mechanics of overland flow. The two-dimensional

continuity equation in partial differential form reads as:

- . (2.1)

where

h - surface flow depth
qx "unit flow in x-directionqy- unit flow in y-direction

- excess rainfall equal to (i-f)
i -rainfall intensity
f - infiltration rate

x,y - cartesian spatial coordinates

t -time

The momentum equation in the x and y directions may be

derived by equating the net forces per unit mass in each

direction to the acceleration of flow in the same direction.

The two-dimensional form of the equations of motion are:

au÷ au. Cu . -_h.
TE 4U WVz 7F=OU XSf X I (2.2a)

where
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By+8v + v.0 -S - h, (2.2b)

u,v - average velocities in x and y direction
respectively

$=,SO - bed slopes in x and y direction respectively
Sfx,S• - friction slopes in x and y direction

respectively
g - acceleration due to gravity

The right hand side of the momentum equations describes the

net forces along the x and y directions while the left hand

side represents the local and convective acceleration terms.

In simplifying the momentum equations, the kinematic wave

approximation assumes that all terms, except the bed slope and

the friction slope, are negligible. This assumption, which is

particularly valid for steep bed slopes, has been the basis

for many rainfall-runoff models. However, a kinematic wave can

not predict backwater effects due to downstream disturbances

that may be important when simulating floods. On the other

hand, a diffusive wave model can simulate backwater effects

and is considered to be applicable for overland flow over

rough surfaces as well as for channel flows. The momentum

equation based on the diffusive wave approximation reduces to:

Six- jh (2.3)

From the three equations of continuity and momentum, five

hydraulic variables need to be determined. Therefore a

resistance law should be established to relate flow rate to

depth and to other parameters. A general depth-discharge

relationship may be written, in the x-direction for example,
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as:

qx=a b (2.4)

where a. and b are parameters which depend on flow regime; is,

laminar or turbulent. For laminar flow in the x-direction, the

value for b is taken to be 3, and the following expression

gives ax:

a. (-U S".$ (2.5)

where

K - resistance coefficient
v - kinematic viscosity

Similarly, for turbulent flow over a rough boundary, the

Manning empirical resistance equation is used. Thus, b is

equal to 5/3 and ax is computed from the following expression:

ax-_ _ (2.6)
n

where

n - Manning's roughness coefficient

Rainfall Distribution. In CASC2D, rainfall was analyzed

using an interpolation scheme based on the inverse distances

squared. This scheme approximates the distribution of rainfall

intensity over the watershed:
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I (jk)u (2.7)

where
it(jk) - rainfall intensity in element (J,k) at time t.

it(je,kr) - rainfall intensity recorded by rainfall gages

locat~ed at (J.,,k;3) at tim t.
S= distance from e*l ent ( Jk) to rainfall gage

located at (Jr..,kr.).
NRG - Total number of rainfall gages.

If no raingage data is available, rainfall is assumed to be

uniform over the watershed.

Preoipitation Loss. The first step in simulating a

rainfall-runoff event on a watershed is to determine the

excess rainfall. An infiltration scheme must accommodate both

spatial variations due to soil texture changes, and temporal

variations due to the time-variant nature of both rainfall and

soil infiltration capacity. Additionally, the fact that

rainfall history affects the infiltration rate at the present

time has to be accounted for in the infiltration scheme.

Ideally, the scheme should also rely on physically measurable

soil infiltration parameters. The Green-Ampt infiltration

equation adequately satisfies these requirements and is

therefore well-suited for distributed watershed modeling.

The Green-Ampt infiltration scheme has gained

considerable attention in the past decade, partially due to
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the ever growing trend towards physically-based hydrologic

modeling. The parameters of the Green-Aupt equation are based

on the physical characteristics of the soil and therefore can

be determined by field measurements or experiments. The Green-

Ampt equation may be written as:

f HK 1 [1 +.. ] (2.8)

where
f - infiltration rate

KS- hydraulic conductivity at normal saturation
Hf - capillary pressure head at the wetting front
Nd- soil moisture deficit equal to (Oc-O)
o- effective porosity equal to (P-Or)

- total soil porosity
r- residual saturation

o - initial soil moisture content
- total infiltration depth

The head due to surface depth has been neglected as Hf easily

overpowers shallow overland depth. Rawls8  et al. (1983)

provided sets of average values of total porosity, effective

porosity, capillary pressure head, and hydraulic conductivity

based on soil texture class (see Table 2.1).

Channel Routing. A one-dimensional channel routing

technique, based on diffusive wave similar in principal to the

overland flow routing, has been formulated in the model. For

each time step, infiltration and overland flow routing are

processed. This determines the net rate of overland flow

pouring into the channel elements. Each individual channel,

with constant properties, is routed towards junctions, if any,

and ultimately towards the watershed outlet. Prior to the
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Table 2.1 - Green-Aupt Parameters Based on Soil Texture

Soil Total Effective Wetted Front Hydraulic
Texture Porosity Porosity Capillary Head Conductivity

(cm) (cm/h)

Sand 0.437 0.417 4.95 11.78

Loamy Sand 0.437 0.401 6.13 2.99

Sandy Loan 0.453 0.412 11.01 1.09

Loan 0.463 0.434 8.89 0.34

Silt Loan 0.501 0.486 16.68 0.65

Sandy Clay- 0.398 0.330 21.85 0.15
Loan

Clay Loan 0.464 0.309 20.88 0.10

Silty Clay- 0.471 0.432 27.30 0.10
Loan

Sandy Clay 0.430 0.321 23.90 0.06

Silty Clay 0.479 0.423 29.22 0.05

Clay 0.475- 0.385 31.63 0.03

Source : Green and Aupt parameters (CASC2D User's Manual)

model execution, all channels must be ordered with respect to

variations in width, depth, and roughness. Any given channel

path, identified by a series of elements through which it

passes, must have a constant width, depth, and roughness.

The channel cross section is assumed to be rectangular,

and, if straight, it lies in the middle of the square channel

element. If the channel changes direction within a certain

element, it runs from the middle of the entering side to the

center of the element and then to the middle of the exiting
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side.

In special cases, the channel may flow over into the

floodplain, in which case the floodplain will be treated as

part of the overland plain. Therefore, for each channel

element, there can be channel flow restricted to the channel

width and an overland flow when overflow from the channel

occurs.

Backwater effects can be properly handled, even at the

junctions of tributary channels. In the model formulation, the

channel cross section is not subject to infiltration, which is

likely to be negligible compared to the flow rate in the

channel. However, any overland flow running toward the

channel, channel overflow, and any specified detention storage

all remain subject to infiltration.

A one-dimensional diffusive channel flow equation has

been incorporated into the model. The governing equations are

similar to those of overland flow except for a finite width.

The one dimensional equation of continuity reads as follows:

aA÷ 4QO (2.9)

where

A - channel flow cross section
Q - total discharge in the channel
q, - lateral inflow rate per unit length, into or out of

the channel.

Most cases of channel flow occur in the turbulent flow

regime. The following equation represents the application of
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Nanning's resistance equation to channel flow.

g. 1AR2I3SfI2 (2.10)
n

where

R - hydraulic radius
Sf - friction slope

NRC- Eethiodoloa

Overland 7loW Routing - 3C0 Unit Nydzograph. A method

developed by the Soil Conservation Service for constructing

synthetic unit hydrographs is based on a dimensionless

hydrograph (Figure 2.1). This dimensionless graph is the

result of an analysis of a large number of natural unit

hydrographs from a wide range in size and geographic

locations. The method requires only the determination of the

time to peak (Equation 2.11), the peak discharge (Equations

2.12a and 2.12b), and Figure 2.14. Parameters tp and % are

computed as follows.

. D (2.11)

where

t - the time from the beginning of rainfall to peak
discharge (hours)

D - the duration of rainfall (hours). D-0.133*t, where
t in the time of concentration.

t t ate lag time from the centroid of rainfall to peak
discharge (hours).

and
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Figure 2.1 - Dimensionless unit hydroqraph and mass curve.
(After V. Mockus, "Use of Storm and Watershed Characteristics
in Synthetic Hydrograph Analysis and Application," U.S. Soil
Conservation Service, 1957.)

D35



P tP (2.12a)

K' 1 2 9 0 . 6  (2. 12b)

1 +H

where

_ - peak discharge (cfs)
A - drainage area (mi 2 )
t - the time to peak (hours)
I?- ratio of hydrograph recession time (i.e., Falling

Limb) to period of rise.

This constant (H) should be determined for a particular

watershed. H may be computed for a particular stream by using

recorded hydrographs. Analyses by SCS have resulted in their

adoption of H-1.67 (i.e., 1X-484) as a general average value

for ungaged watersheds.9 A K value of 484 reflects a unit

hydrograph that has 3/8 of its area under the rising limb.

For mountainous watersheds, the fraction could be expected to

be greater than 3/8, and therefore the value of K may be 600

or higher (maximum K-1300). For flat, swampy areas, the value

of K may be on the order of 300.

Overland Flow Routing - Snyder Unit Xydrograph. A common

technique employed by the U.S. Army Corps of Engineers is

based on methods developed by Snyder-and expanded by Taylor

and Schwarz.4 Unfortunately, it does not provide a simple

method of constructing the entire tine distribution of the

discharge hydrograph but allows computation of lag time, unit

hydrograph duration, peak discharge, and hydrograph time
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widths at 50 and 75 percent of peak flow. Using these points,

a sketch of the unit hydrograph is obtained and checked to see

if it contains 1 inch of direct runoff.4

Snyder's method of synthetic unit hydrographs relies upon

correlation of the dependent variables of lag time and peak

discharge with various physiographic watershed

characteristics. A lag time relationship derived by Snyder for

watersheds from 10 to 10,000 mi 2 located in the Appalachian

Highlands is given as:

tl.Ct (Liea) 0.3 (2.13)

where

tt- the lag time (hours)
Ct- the coefficient representing variations of watershed

slopes and storage.
L - length of the main stream channel (miles) from the

outlet to the divide.
Le- length along the main channel to a point nearest the

watershed centroid (miles).

It is assumed that lag time is a constant for a watershed

that is uninfluenced by variations in rainfall intensities or

similar factors. The use of L. accounts for the watershed

shape, and C. takes care of wide variations in topography,

from plains to mountainous regions. Values of C. for Snyder's

original Appalachian study ranged from 1.8 Lo 2.2 with an

average of about 2.0. The coefficient C. accounts for

variations in slope and storage and did not vary greatly for

the Appalachian study areas. Steeper slopes tend to generate

lover values of C.. Extremes of C. values of 0.4 has been noted
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in Southern California and 8.0 along the Gulf of Mexico. When

snow pack accumulations influence peak discharge, values of Ct

will be between one-sixth to one-third of Snyder's original

values.4 The duration of rainfall for Snyder's synthetic unit

hydrograph development is a function of lag time as shown by:

t, (2.14)

where

tr duration of the unit rainfall excess (hours).
ti - the lag time from the centroid of unit rainfall

excess to the peak of the unit hydrograph.

This synthetic technique (i.e., use of equations 2.13 and

2.14) always results in an initial unit hydrograph duration

equal to tt/5.5. However, since changes in lag time do occur

with changes in duration of the excess rainfall, the following

equation was developed to allow lag time and peak discharge

adjustments for other unit hydrograph durations.4

t•R tz+0.25 (tR--tr) (2.15)

where

t = the adjusted lag time (hours)
-L the original lag time (hours)

t- the desired unit hydrograph duration (hours)
tr the original unit hydrograph duration - tL/5.5

(hours)

If one assumes a given duration rainfall produces 1 inch

of direct runoff, the outflow volume is some relatively

constant percentage of inflow volume, and a simplified

approximation of outflow volume is t1 * Q, then the equation

for peak flow can be written as: 4
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Qmp 6u (2.16)

where

peak discharge (cfs)
- the coefficient accounting for flood wave and

channel storage conditions. It is a function of lag
time, duration of runoff producing rain, effective
area contributing to peak flow and drainage area.

A - watershed size (square miles)
tt- the lag time (hours)

Both Snyder's coefficients, C. and CP,, should be

calibrated. Values for CP range from 0.4 to 0.8 and generally

indicate retention or storage capacity of the watershed.

Larger values of CP are generally associated with smaller

values of Ct.4

The time base of a synthetic unit hydrograph by Snyder's

method is:

T-3÷t:+ ;(2.17)
8

where

T - the base time of the synthetic unit hydrograph
(days).

tt- the. lag time (hours).

Equation 2.17 gives reasonable estimates for large

watersheds, but will produce excessively large values for

smaller areas. A general rule of thumb for small areas is to

use three to five times the time to peak as a base value when

sketching a unit hydrograph.'
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The Snyder method does not produce the complete unit

hydrograph required by HEC-l. Thus, HEC-I uses the Clark

method to affect a Snyder unit graph. The Clark method (1945)

requires three parameters to calculate a unit hydrograph: TC,

the time of concentration for the basin, R, a storage

coefficient, and a time-area curve. A time-area curve defines

the cumulative area of the watershed contributing runoff to

the 3ubbasin outlet as a function of time (expressed as a

proportion of TC). 5

In the case that a time area curve is not supplied, HEC-1

utilizes a dimensionless time-area curve:5

for 0 <- T < 0.5

AI-I.l414T1 "5  (2.18)

for 0.5 < T < 1.0

1-AX-i.414 (1-71.5 (2.19)

where Al is the cumulative area as a fraction of the total

subbasin area and T is the fraction of time of concentration.

The ordinates of the time-area curve are converted to volume

of runoff per second for unit excess and interpolated to the

given time interval. The resulting translation hydrograph is

then routed through a linear reservoir to simulate the storage

effects of the basin; and the resulting unit hydroqraph for

instantaneous excess is averaged to produce the hydroqraph for

unit excess occurring in the given time interval.'5

The linear reservoir routing is accomplished using the

general equation:5
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Q(2) CaxIzC!BxO(1) (2.20)

The routing coefficients are calculated froa: 5

CA-= At (2.21)R+O.5At

C3~-1cA (2.22)

OU, GR=0.5 (0(1) +0(2) ] (2.23)

where Q(2) is the instantaneous flow at the end of the period,

Q(1) is the instantaneous flow at the beginning of the period,

I is the ordinate of the translation hydrograph, (At) is the

computation time interval in hours (also duration of unit

excess), R is the basin storage factor in hours, and QUNGR is

the unit hydroqrap" ordinates at the end of the computation

interval. The computation of the unit hydrograph ordinates is

terminated when its volume exceeds 0.995 inches or 150

ordinates, whichever comes first.'

The initial Clark parameters are estimated from the given

Snyder's parameters, Tp and Cp. A unit hydrograph is computed

using Clark's method and Snyder parameters are computed from

the resulting unit graph by the following equations:'

- .,-0.5 (At), ](2.24)
CxA

ALAG-1. 048 (T,,4-0.75 (7 t) ) (2.25)

where CPTNP is Snyder s Cp for the computed unit hydrograph,
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QMAX is the maximum ordinate of the unit hydroqraph, T is

the time when QMAX occurs, in hours, (At) is the duration of

excess, in hours, A is the subbasin area in square miles, C is

a conversion factor, and ALAG is Snyder's standard Lag T, for

the computed unit hydrograph. Snyder's standard Lag is for a

unit hydrograph which has a duration of excess equal to

Tt/5.5. The coefficient, 1.048, in equation 2.25, results from

converting the duration to the given time interval. 5

Clark's TC and R are adjusted to compensate for

differences between values of T, and Cp calculated by Equations

2.24 and 2.25 and the given values. A new unit hydrograph is

computed using these adjusted values. This procedure continues

through 20 iterations or until the differences between

computed and given values of Tt and CP are less than one

percent of the given values. 5

Rainfall Distribution. The rainfall data was analyzed by

using a weighted gage scheme. The temporal pattern for

distribution of the storm-total precipitation is computed as

a weighted average of temporal distributions from the

recording station:

PRCP() - EPRCP(I,J) * nM(J) (2.26)
)IVTR(J)

where PRCP(I) is the basin-average precipitation for the Ith

time interval, PRCPR(I, J) is the recording station

precipitation for the I0 time interval, and WTR(J) is the
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relative weight for gage J.

Vrocipitation Lose. The Green and Ampt infiltration

function vas implemented for both synthetic HEC-1 models (ie,

Snyder 'I and SCS unit hydrograph techniques) in order to be

comparable with CASC2D. The Green and Ampt infiltration

function is combined with an initial abstraction to compute

rainfall losses. The initial abstraction is satisfied prior to

rainfall infiltration as follows: 5

for P(t) <- IA T > 0

Z(t)=0 (2.27)

for P(t) > IA T > 0

r(t) M -() (2.28)

where P(t) is the cumulative precipitation over the watershed,

r(t) is the rainfall intensity adjusted for surface losses, t

is the time since the start of rainfall, re(t), and IA is the

initial abstraction. The Green and Ampt infiltration is

applied to the remaining rainfall by applying the following

equation:
5

for f(t) > XKSAT

F(t) =PSIPxDTHZTA
f(t) (2.29)

XMSAT-1

for f(t) <- XKSAT

f M) -.rM (2.30)
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where F(t) is the cumulative infiltration, f(t) - AF(t)/At is

the infiltration rate, and the parameters of the Green and

Ampt method are PSIF, the wetting front suction, DTHETA, the

volumetric moisture deficit and XKSAT, the hydraulic

conductivity at natural saturation. The application of this

equation is complicated by the fact that it is only applicable

to a uniform rainfall rate. The difficulty is overcome by.

calculating a time to ponding. Time to ponding (the time at

which the ground surface is saturated) is calculated by

applying equation 2.30 over the computation interval At: 5

for rj >- XKSAT

I -1 1  r1 v(.

XXSAT

where its recognized that at ponding the infiltration and

rainfall rates are equal (i(t) - r(t)), r1 is the average

rainfall rate during period J, F1 and Fj.. are the cumulative

infiltration rates at the end of periods j and j-1, AF is the

incremental infiltration over period j. Ponding occurs if the

following condition is satisfied:5

AFcrzA t (2.32)

otherwise the rainfall over the period will be completely

infiltrated. Once ponding has occurred, the infiltration and

rainfall rates are independent and Equation 2.29 can be easily

integrated to calculate the infiltration over the computation

interval. The ponded surface condition might not be maintained
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during the entire storm. This occurs when the rainfall rate

falls below the post-ponding infiltration rate. In this case,

a new ponding time is calculated and the infiltration

calculation is applied as previously described. 5

Channel Routing. In this analysis, the Muskingum-Cunge

channel routing routine was chosen. This method most closely

approximates the diffusive wave channel routing routine found

in C&SC2D. The Muskingua-Cunge routing technique can be used

to route lateral inflow from either kinematic wave overland

flow plane or lateral inflow from collector channels and/or

upstream hydrograph through a main channel . The channel

routing technique is a non-linear coefficient method that

accounts for hydrograph diffusion based on physical channel

properties and the inflowing hydrograph. The advantages of

this method over other hydrologic techniques are: (1) the

parameters of the model are physically based; (2) the method

has been shown to compare well against the full unsteady flow

equations over a wide range of flow situations; and (3) the

solution is independent of the user specified computation

interval. The major limitations of the Muskingqum-Cunge

application in HEC-1 are that: (1) it can not account for

backwater effects; and (2) the method begins to diverge from

the full unsteady flow solution when very rapidly rising

hydrographs are routed through very flat slopes (i.e., channel

slopes less than 1 ft./mile).5 The basic formulation of the
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equations is derived from the continuity equation:

a+ a S (2.33)

and the diffusion form of the momentum equation

se So-'a (2.34)

By combining Equations 2.33 and 2.34 and linearizing, the

following convective diffusion equation is formulated: 5

+C =ph a30 +CqL (2.35)

where
Q - Discharge in cfs

A - Flow area in ft 2

t = Time in seconds
x - Distance along the channel in feet
h - Depth of flow in feet

si - hydraulic diffusivity
% - Lateral inflow per unit of channel length

- Friction slope
So - Bed slope

c - The wave celerity in the x-direction as defined
below.

cSAD (2.36a)AA

The grid celerity (c.) is expressed as follows:

c -X (2.36b)
C9=At:

The hydraulic diffusivity (pis) is expressed as follows:

where B is the top width of the water surface.
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(2.37a)

2BS0

The numerical diffusivity (A.) is expressed as follows:

in=CAx (A-• X) (2.3 7b)
2

The grid diffusivity (A.) is expressed as follows (case

where X-0 in Equation 2.37b):

cg -Ax (2.37c)
2

Following a Muskingum-type formulation, with lateral

inflow, the continuity equation, Equation 2.33, is discretized

on the x-t plane (Figure 2.2) to yield:5

j+1= (2.38)

where

At +2X

K

C, AtK +2 (1-X)

.2XC2m AtK
K+2(1 -XC)

2 D(1X) At

-+2 U1-X)K
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Figure 2.2 - Discretization on x-t Plane of the Variable

Parameter Kuskingum-Cun*g Model. (HEC-l User's Manua-.)
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2 ( A)cm K

- +2 (1-X)

QL-qLAx

It is assumed that the storage in the reach is expressed
as the classical Nuskingum storage:

S-K[XI+ (I-X)O] (2.39)

where: S - channel storage
K - cell travel time (seconds)
X - weighting factor
I - inflow
0 - outflow

In the Muskingum equation, the amount of diffusion is

based on the value of X, which varies between 0.0 and 0.5.

The Muskingum X parameter is not directly related to physical

channel properties. The diffusion obtained with the Muskingum

technique is a function of how the equation is solved and is

therefore considered numerical diffusion rather than physical.

In the Muskingum-Cunge formulation, the amount of diffusion is

controlled by forcing the numerical diffusion to match the

hydraulic diffusion (Ih) from Equation 2.35 and 2.37a. The

Muskingum-Cunge equation is therefore considered an

apprictimation of the convective diffusion equation, Equation

2.35. As a result, the parameters K and X are expressed as

follows:

K, A (2.40)
C
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X.I(1-s 0 (2.41)
2 BS.Ax

Then the Courant (C) and cell Reynolds (D) numbers can be

defined as:5

CmC4--•t (2.42)

and

BS0C_ x (2.43)BS.CAX 2•43}

The Courant number (C) is the ratio of the wave celerity to

the grid celerity (Equations 2.36a and 2.36b). The Courant

number is a fundamental concept in the numerical solution of

hyperbolic partial differential equations. The cell Reynolds

number (D) is the ratio of the hydraulic diffusivity to the

grid diffusivity (Equations 2.37a and 2.37c). 10

The routing coefficients for the non-linear diffusion

method (Muskingum-Cunge) are then expressed as follows: 5

Ci÷ C-D
c1 +C+D

C2" -1+C+D

C 1-C+D
1+C+D

2C
C4 ÷
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in which the dimensionless numbers C and D are expressed in

terms of physical quantities (Q, B, S., and c) and the grid

dimensions (Ax and At).5 The method is non-linear in that the

flow hydraulics (Q, B, c) and therefore the routing

coefficients (C,, C21, C-3, C4) are re-calculated for every Ax

distance step and At time step. An iterative four-point

averaging scheme is used to solve for c, B, and Q. This

process has been described in detail by Ponce (1986).5

Values for At and Ax are chosen internally by the model

for accuracy and stability. First, At is evaluated by looking

at the following three criteria and selecting the smallest

value: 5

(1) The user defined computation interval, NMIN, from the
field of the IT record.

(2) The tine of rise of the inflow hydrograph divided by
20 (T,/20).

(3) The travel time of the channel reach.

Once At is chosen, Ax is evaluated as follows:5

Ax-cA t (2.44)

but Ax must also meet the following criteria to preserve

consistency in the method:

Ax<1 (cAt r+ °) (2.45)
2 BSoc

where Q. is the reference flow and Q. is the baseflow taken

from the inflow hydrograph as: 5
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Qo=02+0. so (Q•-Om) (2.46)

Ax is chosen as the smaller value from the two criteria. The

values chosen by the program for Ax and At are printed in the

output, along with computed peak flow. Before the hydrograph

ordinate is used in subsequent operations, or printed in the

hydrograph tables, it is converted back to the user-specified

computation interval. The user should always check to see if

the interpolation back to the user-specified computation

interval has reduced peak flow significantly. If the peak flow

computed from the internal computation interval is markedly

greater than the hydrograph interpolated back to the user-

specified computation interval, the user-specified computation

interval should be reduced and the model should be executed

again. 5
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hP!UR XX - APPLXChTXI OF 01 , M3-1A

CA•C2D MODELS TO GOODWIN CRM WII"RE

Desarintion of Iateruhed Data

As shown in Figure 3.1, Goodwin Creek watershed contains

approximately 8.4 square miles and is located within the Long

Creek watershed. There are 17 rainfall gages and 14 discharge

gages located within the boundary of the watershed. For this

analysis, 5 mainstem discharge gages and 1 tributary gage were

used. These 6 discharge gages are spread uniformly over the

watershed. Since the main goal was to evaluate how the models

performed in an ungaged watershed scenario, these gages

provided enough information to draw conclusions and to make

recommendations. Fifty seven channel cross sections on the

main stem and the tributaries provide the necessary data for

constructing the channel geometric database. Figure 3.2 shows

the bottom elevation profile for the main stem channel. The

period of record for the rainfall and flow data is

approximately 7 years, 1981 to 1988. As a part of the U.S.

Army Corps of Engineers' s Demonstration Erosion Control

Project, a Geographic Information System (GIS) database has

been created for Goodwin Creek watershed. The GIS contains

such data as landuse grids, soil type grids, elevation grids,

SCS curve number grids, slope grids, USGS digital line

graphics, and aerial photography. The grid cell resolution for

all the grids used in this study were 416 feet by 416 feet.
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Based upon personal conversations with Dr. Bahram Saghafian

(Construction Engineering Research Laboratory, U.S. Army Corps

of Engineers) and Dr. Fred Ogden (University of Iowa), this

resolution was adequate for the Goodwin Creek Watershed.

The landuse for this watershed varies from forest, to

crop land, to pasture, and to small ponds. Over the past 10 to

20 years, this area has experienced streambank instability and

sedimentation problems due to changes in landuse. There are

three primary soil types in the watershed; namely, Loam, Sandy

Loam, and Silt Loam, with Silt Loam being the predominant soil

type. The maximum elevation is 412.9 feet NGVD and the minimum

elevation is 236.8 feet NGVD.

In setting up the models, the grid cell data (i.e.,

landuse, soil type, elevation) had to be extracted from the

GIS and manipulated into the prper format for CASC2D. The

lumped models used the GIS to compute average values (i.e.,

roughness coefficients, soil types) for each subarea. The

channel cross sections were averaged for each routing reach by

plotting the cross sections for each reach and estimating the

average cross section for each reach.

For the past 12 years, the ARS has been extensively

gaging the Goodwin Creek Watershed. The data currently baing

gathered is rainfall, discharge, suspended sediment, and bed

load. The ARS is also generating landuse grids, from various

time periods, for this watershed. The field sampling and

measurement stations are located at grade control structures
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built in the late 1970's. This effort w•s a joint project

conducted by the ARS and the Army Corps of Engineers. All

fourteen structures can be seen on Figure 3.1 labeled as

either discharge gage used in models or discharge gage not

used in models.

)Dnlioation of Nodels Methods

There were two parts to the Goodwin Creek Analysis. In

the first part, 5 rainfall events were simulated using 17

rainfall gages and 6 discharge gages. Two HEC-l models, SCS

Unit Hydrograph and Snyder Unit Hydrograph, and CASC2D were

used to simulate rainfall runoff for the purpose of comparing

them to observed flow records. In this analysis, all models

used the Green and Ampt infiltration routine. The HEC-l models

used the Muskingum-Cunge channel routing routine while CASC2D

used a one-dimensional diffusive wave routine. Table 3.1 shows

the final sub-basin parameters and Table 3.2 shows the final

channel routing reach parameters. From the output, the peak

flow, time to peak, volume of runoff, and hydrograph variance

parameters were summarized for all three models.

In part two of this analysis, two hypothetical storm

events were simulated using one rainfall gage (no. 54) data

considered to be representative of the average observed storm

conditions. This analysis was performed using only one lumped

model (Snyder) and the distributive model (CASC2D). The reason

for only comparing one lumped model (Snyder) instead of two
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Table 3.1 - Goodwin Creek Watershed Sub-Basin Parameters

Average
Sub-Basin Area L Lea Lag Time Basin Slope

I.D. (N42 ) (Ni) (Ni) (Hours) (%)

1 1.44 2.62 1.22 1.28 3.20

2 .80 1.85 1.10 1.11 1.82

3 .90 .1.57 .83 .97 3.22

4 .60 1.13 .61 .80 2.07

5 .78 1.33 .72 .89 3.70

6 1.29 1.50 .86 .97 3.23

7 .63 1.50 .74 .93 3.63

8 .46 .76 .48 .67 3.60

9 .86 1.39 .80 .93 3.69

10 .15 .28 .17 .36 3.73

11 .17 .31 .21 .40 2.24

12 .07 .27 .18 .36 4.71

13 .31 .68 .42 .62 4.72

14 .14 .21 .15 .32 1.30
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Table 3.2 - Goodwin Creek Channel
Routing Reach Parameters

Reach Length Bed Slope Manning's "n"

I.D. (Mi) (Ft/Mi) LOB Main Channel ROB

18 to 17 .39 21.65 .080 .040 .080

17 to 15 .39 20.38 .080 .040 .080

16 to 15 .47 21.12 .080 .040 .080

15 to 14 .72 27.09 .080 .040 .080

13 to 12 1.04 41.76 .100 .040 .100

12 to 10 .66 23.39 .070 .038 .070

11 to 10 .54 28.62 .070 .038 .070

10 to 7 .69 16.63 .070 .038 .070

9 to 8 .53 25.45 .080 .035 .080

8 to 7 .53 25.45 .080 .035 .080

7 to 5 .77 20.12 .070 .038 .070

6 to 5 .64 39.60 .070 .038 .070

5 to 3 .78 10.19 .070 .038 .070

4 to 3 1.20 35.43 .070 .038 .070

3 to 2 1.09 15.47 .070 .037 .070

2 to 1 1.09 8.18 .070 .037 .070
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lumped models (Snyder and SCS), as in the Part I of this

study, is that there are only minor differences in the

methodologies (i.e., peak flow equations). Based upon the

results from Part I of this study, there were only minor

differences noted between the two lumped models therefore

little would have been gained by running both models for Part

II. The reason for this simulation scenario was to compare the

models assuming a temporally varied rainfall event uniformly

distributed spatially over the entire watershed.

modeling knnroaoh used for C2910rison study

In part one of this study, each of the selected

hydrologic models has been applied to five observed storm

events, using 17 rainfall gages, with the predicted discharge

hydrographs compared to observed hydrographs at six stream

gage locations. Each REC-1 model was calibrated (optimizing

initial loss and soil moisture content) using data at Gage No.

1 (Mouth of Goodwin Creek). Storms 1 and 3 were also

calibrated at Gages 5 and 8. This was done to evaluate the

relative accuracy of the lumped models when sufficient sub-

basin gage data were available. Storms 2, 4, and 5 were only

calibrated at the mouth of Goodwin Creek. This was done to

assess the relative accuracy of the lumped models using

limited gage information. CASC2D was only calibrated

(optimizing initial soil moisture content) at the mouth for

all five storm events. The reason for this was to evaluate the
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response of a distributed model using limited gage

information. Initial runs were made with no calibration at

all, however, this proved unsuccessful due to a lack of

knowledge about how the initial antecedent moisture and ground

cover conditions changed from storm to storm.

The parameters considered in the calibration and

simulation comparisons were peak flow, time to peak, total

runoff volume, and four hydrograph variance values (i.e.,

standard error, objective function, average absolute error,

and average percent absolute error). The results of final

simulation computer runs can be seen in Tables A-2 to A-8.

Plots of the computed hydrographe from the three models versus

the observed hydrographs, for all five selected storm %Vents,

are shown in Appendix A.

In part two of this study, rainfall gage no. 54 was used

to simulate the hypothetical uniform rainfall events over the

watershed. All of the discharge gages were used to calibrate

the HEC-l lumped model, however only gage 1 was used to

calibrate CASC2D. Storm Events 1 and 3 were chosen, because

storm 1 is a slow rising and falling storm while storm 3 is a

fast rising and falling storm. The same infiltration function,

overland routing routine, and channel routing routine

described in part one of this study were used in part two for

both the Snyder HEC-1 and CASC2D models. The results of final

computer runs can be seen in Tables B-1 to B-7. Plots of

discharge hydrographs for storms 1 and 3 at Gages 1,2,3,4,5,
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and 8 can be seen in Appendix B.

Mvd••1Wah Var'4as_• Parameters

Standad R'rroz. Standard Error is defined as the root

mean squared sun of the difference between observed and

computed hydrograph ordinates.

n 1: (Q-,Bcj-gL % Wt 2
-[.• ] n•(3.1)

Objective Funotion. The best reconstruction, of a

computed hydrograph, is considered to be that which minimizes

an objective function, STDER. The objective funct 4 on is the

square root of the weighted square difference between the

observed and computed hydrograph ordinates. Presumably, this

difference will be a minimum for the optimal parameter

estimates. STDER is computed as follows: 5

STD2R-( [.i! E(QcBS...Q0ctJP2XniA 2 (3.2)
.1-1 n

where QCOKP; is the computed runoff hydrograph ordinate and

QOBSi is the observed runoff hydrograph ordinate i for the

time period, n is the total number of hydrograph ordinates,

and WT, is the weight for the hydrograph ordinate i computed

from the following equation:5
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WT- Q OOBS + AVE (3.3a)
2xDAVE

where

1AVR 1 2EQOOBS 1  (3.3b)
n

QAVE is the average observed discharge.

Average Absolute Urror. Average Absolute Error is defined

as the average of the absolute value of the differences in

flowrate between observed and computed hydrographs.

AAE-_ _ I_____s_-__ _ _ (3.4)
n

Average Percent Absolute 3ror. Average Percent Absolute

Error is defined as the average of absolute value of percent

difference between observed and computed hydrograph ordinates.

APA- QOBS 1 -QCOMPI xl0o (3.5)

n
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c€M"aR IV - DISCUSIION OF BIKULITION REBULTS

Part I - Observed Rainfall-Runoff Zvents

Each of the three selected hydrologic models were applied

to five observed storm events. Simulated streamf low

hydrographs were compared to observed hydrographs at five

locations on the main stem channel and one major tributary. A

total of 17 rainfall gages with observed data were used to

calculate the sub-basin or overland flow runoff in the

watershed. Plots of the simulated streamf lows versus the

observed data are shown in Appendix A, Figures A-1 to A-30.

Streamf low and rainfall gage data for Goodwin Creek

Watershed were available from 1981 to 1988. From an inspection

of the observed streamflow data, it was noted that there was

no observed events which produced a peak flow greater than the

estimated 2 year flood of 3500 cfs. Therefore, the five

selected observed storm events used for simulation purposes in

this study are all less than the 2 year frequency - runoff

event. Total rainfall in inches for the 5 selected storms are

shown in Table A-1 for all 17 rainfall gages.

Streamf low hydrograph parameters considered for

calibration and comparison purposes included total runoff in

inches (Table A-2), peak flow in cfs (Table A-3), time to peak

in minutes (Table A-4), the objective function in cfs (Table

A-5), the standard error in cfs (Table A-6), the average

absolute error in cfs (Table A-7), and the average absolute

"error in percent (Table A-8). A separate discussion of the
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simulated results for each of the selected storms is included

below. For illustration purposes, rainfall gage 54 located

near the middle of the watershed was selected for plots of the

storm rainfall hyetograph. This gage was considered to closely

represent an average of the 17 gages within the watershed.

Storm Event 1. The storm of Or" '7, 1981 began at.

9:19 pm and had a total duration of 3.52 hours. Very little

rainfall preceeded this event. The actual rainfall hyetograph

for rain gage 54 is shown in Figure A-31. Total rainfall for

this event varied from 2.55 to 3.11 inches with an average

value of 2.85 inches (Table A-i). Total runoff varied from

0.08 inches at the upper streamflow gage to 0.70 inches at the

downstream gaging location (Table A-2). Therefore,

infiltration and other losses amounted to about 97% at the

upper gage to 75% at the lower gage.

A comparison of the hydrograph plots (Figures A-1 to A-6)

and the hydrograph parameters (Tables A-2 to A-8) show that

the three models had varying degrees of simulation success.

The distributed CASC2D model simulated the overall shape and

kate of rise consistently better than the two HEC-i lumped

models. Also, the total volume of runoff appears to be more

accurate in the CASC2D model than the HEC-1 models. However,

the time to peak and peak flow values for the upper four gages

seemed to be closer to the observed with the HEC-1 models than

the CASC2D model. The opposite was true for the lower two
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gages. This same observation is reflected in the standard and

absolute error tables (i.e., that CASC2D was better on lower

part of watershed and HEC-1 models were better on the upper

part of the watershed). These simulation results can be

attributed mainly to the fact that the lumped HEC-l models

were calibrated for the upper two gages (5 and 8) as well as

the lower gage (1) while CASC2D was only calibrated using the

lower gage (1).

Based upon the above analysis of the simulation results

for this storm, the following observations are noted:

(1) A distributed model, such as CASC2D, containing more

accurate spatial data representation of the watershed

variability in soils and landuse will simulate more closely

the true shape, rate of rise, and volume of the streamflow

runoff hydrograph than the lumped methods of HEC-1.

(2) Lumped unit hydrograph models such as HEC-1 can

reproduce observed hydroqrapha reasonably well, especially

when sufficient sub-basin gage data is available for

calibration of the unit grtph and loss rate parameters.

Stom BYvent 2. The storm of February 9, 1982 began at

7:00 pm and had a total duration of 6.0 hours. There was a

significant amount of rainfall preceeding this event. The

storm hyetograph for rain gage 54 is shown in Figure A-32.

Total rainfall varied from 1.24 to 1.48 inches with an average

of 1.35 inches (Table A-1). Total runoff varied from 0.08
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inches at the upper streamf low gage (gage 8) to 0. 98 inches at

the lower streamf low gage (gage 1) location (Table A-2).

Therefore, infiltration and other losses amounted to 94% at

gage 8 to only 27% at gage 1.

For the simulation of this storm event, all three

hydrologic models were calibrated using only the flow data at

gage 1. Therefore uniform flow loss parameters were estimted

and used over the entire basin. Since the lower watershed

rainfall gages indicated a significant amount of antecedent

rainfall, the initial loss parameters were not used in EEC-1

for this simulation.

A comparison of the hydrograph plots (Figures A-7 to A-

12) again shows that CASC2D model consistently simulated the

overall shape and rate of rise of the hydrographs fairly

accurate except for the initial 100 minutes. However, initial

baseflow in the main channel was assumed to be zero for the

CASC2D runs and therefore accounts for the large difference

between observed values in this initial time period. Due to

the large variability from one sub-basin to another in the

antecedent moisture conditions, the assumptions of a uniform

infiltration rate and no initial losses caused the lumped

models of HEC-I to do a poor job of simulation (either too

high or too low). Simulation results of this storm also verify

the two observations noted during the simulation of the first

storm.
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StoCK RVont 3. The storm event of September 30, 1985

began at 12:00 am and had a duration of 22.2 hours. There were

no significant amounts of rainfall proceeding this event and

infiltration and other losses were expected to be high. The

hyetograph of observed rainfall for rain gage 54 is shown in

Figure A-33. Total rainfall varied from 1.91 to 2.69 inches

with an average value of 2.18 inches (Table A-i). Total runoff

was very small varying from 0.03 inches at the upper gage

(gage 8) to 0.10 inches at gage 2 near the downstream end of

the watershed (Table A-2). Therefore, infiltration and other

losses ,,mounted to approximately 99% at gage 8 to about 95% at

gage 2. This rainfall event is typical of the small flashy

(i.e. Ifast rising) storms that occur several times a year in

North Mississippi.

A comparison of the hydrograph plots (Figures A-13 to A-

18) and the hydrograph parameters show that all of the models

were able to simulate this storm event with some degree of

success. Overall, CASC2D simulated the shape and rate of rise

consistently better than the two HEC-1 lumped models. Also,

the total volume of runoff appears to be more accurate in the

CASC2D model than the HEC-1 models. As in storm event 1, the

time to peak and peak flow volumes for the upper four gages

seemed to be closer to the observed with the HEC-1 models than

the CASC2D model. The opposite was true for the lower two

gages. This same observation is reflected in the standard and

absolute error tables. This storm event was calibrated the
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same as storm event 1 (i, the lumped models were calibrated

at gages 1, 5, and 8 while CASC2D was only calibrated at gage

1). Based upon the results from this statement, the

observations noted in storm event 1 still hold true.

Stoerm vent 4. The storm of December 27, 1988 began at

8:31 pm and had a total duration of 8.6 hours. Again, there

was a significant amount of rainfall preceeding this storm

event. The storm hyetogzaph for rain gage 54 is shown in

Figure A-34. Total rainfall varied from 2.12 inches to 2.52

inches with an average of 2.34 inches (Table A-l). Total

runoff varied from 0.09 inches at gage 8 to 1.17 inches at

gage 1 (Table A-2). Therefore, infiltration and other losses

amounted to 96% at gage 8 to 50% at gage 1.

For the simulation of this storm event, all three

hydrologic models were calibrated using only the flow data at

gage 1. Therefore, as in storm event 2, uniform flow loss

parameters were estimated and used over the entire basin.

Because the lower watershed rainfall gages indicated a

significant amount of antecedent rainfall, the initial loss

parameters were not used in HEC-1 for this simulation.

A comparison of the hydrograph plots (Figures A-19 to A-

24) and the hydrograph parameters (Tables A-2 to A-8) shows

that CASC2D performed better overall than did the HEC-l

models. Due to the large variability from one sub-basin to

another in the antecedent moisture conditions, the assumption
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of uniform infiltration rate and no infiltration losses caused

the lumed models of HEC-1 to do a poor job of simulating this

event. The same conclusions can be drawn from this storm event

as can be drawn from the previous storm events.

Itorm Nveat S. The storm event of December 2, 1983 began

at 12:00 an and had a duration of 31.1 hours. There was

significant rainfall preceeding this event, therefore

infiltration rates can be expected to be low. The hyetograph

of observed rainfall for rain gage 54 is shown in Figure A-35.

Total rainfall varied from 5.64 inches to 6.00 inches with an

average of 5.79 inches (Table A-1). Total runoff varied from

0.37 inches at gage 8 to 4.19 inches at gage 1 (Table A-2).

Therefore, infiltration and other losses amounted to 94% at

gage 8 to only 28% at gage 1. Like storm events 2 and 4, all

three hydrologic models were calibrated using only the flow

data at gage 1. Therefore, uniform loss parameters were

estimated over the entire watershed.

A comparison of the hydrograph plots (Figures A-25 to A-

30) shows that CASC2D consistently simulated the overall shape

and rate of rise better than the lumped models. From the

hydrograph parameters, CASC2D performed better than the lumped

models in simulating this event except in computing the time

to peak. The lumped models were consistently better at

estimating the time to peak than was the CASC2D model.
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It should be stated that all three hydrologic models are

single event models and therefore should not be expected to

accurately simulate multiple event storms. With this in mind,

all three models did a reasonably good job of estimating the

runoff for this event. Finally, based on the results from this

event, the observations made from storm event I still hold

true (i.e., more spatial and sub-basin gage data results in a

better simulation regardless as to whether the NEC-1 lumped

models or the CASC2D distributed model is used).

Part II - NMvothetiaal RAinfall-RUoff Ryonts

One HEC-1 lumped model (Snyder) and the distributed model

(CASC2D) were applied to two storm events (1 and 3). For this

analysis, the lumped model was calibrated using observed flow

data at all six gages for both storm events. However, CASC2D

was only calibrated using flow data at gage 1. Also, only one

rainfall gage (gage 54) was used to calculate overland flow

for the watershed. This was done to evaluate how accurate the

models would simulate a storm event using an spatially uniform

rainfall assumption over the entire watershed. Plots of the

simulated streamflows versus the observed data can be seen in

Appendix B, Figures B-1 to B-12.

Streamflow hydrograph parameters considered for

calibration and comparison purposes included total runoff in

inches (Table B-1), peak flow in cfs (Table B-2), time to peak

in minutes (Table B-3), the objective function (Table B-4),
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the standard error in cfs (Table B-5), the average absolute

error in cfa (Table B-6), and the average absolute error in

percent (Table B-7). A separate discussion of the simulated

results for both storm events is included below.

Storm Rvent 1. This storm event is described in detail in

Part I of the discussion of results. The total rainfall for

this event was 2.84 inches (Table A-1). The total runoff

varied from 0.08 at gage 8 to 0.70 at gages 1 and 2 (Table B-

1). Therefore, infiltration and other losses amounted to about

97% at gage 8 to 75% at gages 1 and 2.

A comparison of the hydrograph plots (Figures B-1 to B-6)

and the hydrograph parameters (Tables B-1 to B-7) show that

the lumped model did significantly better than did the CASC2D

model. Calibrating the lumped model sub-basin unit hydrograph

parameters using the observed flows at all six stream gages

seemed to negate the assumption of spatially uniform rainfall

being used over the watershed. However, since CASC2D was only

calibrated using observed data at gage 1, the spatially

uniform rainfall assumption did seem to adversely affect the

results.

Based upon the results of this simulation, the following

observations can be made:

(1) The lumped model can be made to simulate relatively

well with limited rainfall data as long as there is sufficient

sub-basin stream flow data with which to calibrate and;
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(2) For cases of limited rainfall data, CASC2D may also

require more sub-basin flow data for calibration purposes.

However, when there is detailed spatial rainfall data

available, much less streamflow data is required compared to

the lumped models. In the event that both sets of these data

are absent, the simulation accuracy of CASC2D also may be

questionable.

Storm Uvent 3. This storm is described in detail in Part

I of the discussion of results. The total rainfall for this

event was 2.14 inches (Table A-i). The total runoff varied

from 0.03 inches at gage 8 to 0.10 inches at gage 2 (Table B-

1). Therefore, infiltration and other losses amounted to about

99% at gage 8 to 95% at gage 2.

A comparison of the hydrograph plots (Figures B-7 to B-

12) along with the hydrograph parameters (Tables B-1 to B-7)

shows that the lumped model performed significantly better

than did the CASC2D model. Again, using only the downstream

gage for calibration and assuming average rainfall spread

uniformly over the entire watershed, CASC2D was not able to

accurately simulate this observed event. The lumped model

faired much better because the calibration of parameters was

based on flow data at all six gages. The results from this

storm event seem to confirm the previous observations made in

storm event 1.
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CZapm V - 89aMAaY, OUMUSIZONe, AMD lUCoUND&TIOUw

In setting up the models in this comparison study, the

options in the HEC-1 model that most closely represented the

components used in the CASC2D model were selected. However,

the manner or solution techniques in which the equations or

functions are applied in HEC-1 and CASC2D are slightly

different. For example, in the Green-Ampt infiltration

function component, the HEC-1 version allows for an initial

loss parameter to be input for each sub-basin area. This is

not available in the CASC2D version, but could be indirectly

simulated by defining a depression storage value for each grid

cell. Another example is the distribution of rainfall over the

watershed. The CASC2D model uses an interpolation scheme based

upon the inverse distance squared from the cell to the rain

gages while the HEC-1 model uses a weighting factor for each

rain gage based upon applying a Theissen-Polygon method to the

sub-basin area. Also, the representation of cross sections for

the channel routing component is different between the models.

HEC-i models the average cross section for a reach with a 8

point station-elevation scheme which includes both overbanks

and the main channel and allows a different roughness value

for each of the three sections of the total cross section. In

the CASC2D model, the channel cross section is assumed to be

rectangular and it lies in the middle of a square channel

element. Any given channel path, identified by a series of
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elements through which it passes, must have a constant width,

depth, and roughness. For each channel element, there can be

channel flow restricted to the channel width and an overland

(i.e., overbank or floodplain) flow when overflow from the

channel occurs.

Because of the inherent differences in the solution

techniques used by the two models for solving the equations

for the infiltration and channel routing components, slight

differences in simulation results are to be expected. However,

the totally different methodologies (i.e., lumped vs.

distributed) used for solving the overland flow routing

component was the principal reason for making this comparison

study. Major differences in the results predicted using the

two selected models are thought to be primarily due to the

overland flow routing components.

The channel routing solution technique is thought to be

the greatest limitation of the CASC2D model for two reasons.

First, as noted previously in the discussion of thai simulation

results, the time to peak values predicted by the model were

consistently too early as compared to observed data. The use

of a rectangular cross-section shape equivalent to bank full

channel size causes higher values of hydraulic radius for

depths less than bank full stage thus giving higher velocities

and quicker travel times. Second, the overland flows and

channel routing diffusive wave equations are solved using an

explicit numerical solution technique causing the time step to
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be restricted to ensure stability. Generally speaking, the

more intense the rainfall, the steeper the watershed, and the

smaller the grid size, the shorter the time step. For too long

a time step, negative depth and/or friction slopes may be

computed resulting in an error message to be printed and

simulation to stop. Smaller time steps are also required as

the depth increases in the channel to ensure stability. This

becomes a severe limitation for simulating high intensity,

short duration storm events. The model could not be used for

a third part of this study planned to simulate a synthetic

design storm of 10 year frequency and 6 hour duration

equivalent to 6 inches of total rainfall using a Huff First

Quartile Rainfall Distribution. During simulation, flowrates

quickly reached values greater than bankfull (i.e.,

approximately 3500 cfs) and stability restrictions caused the

model to quit even with a small time step of 5 seconds.

Therefore, Part III - Simulation of Synthetic Design Storms,

could not be completed for comparison purposes using the

current version of the CASC2D model.

In the 1987 Long Creek report by Zitta & Hubbard, HEC-1

was used to calibrate Snyder's unit hydrograph coefficients

for the Goodwin Creek Watershed. They used a total of 10 sub-

basins and 13 storms in their analysis. Five of the storms

that had nearly uniform rainfall over the watershed were

selected for calibration purposes and the other storms were

used for verification. These values of Snyder's coefficients,
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Cp-0.843 and C.-O.90, were also used in our study and appear

to work reasonably well. Computed lag time values were

adjusted to the selected time step (duration) of 2 minutes for

simulation purposes and this value of lag time was used with

the SCS unit hydrograph method in HEC-1.

Since the beginning of this study, new research and

development of the CASC2D model is underway. One version of

CASC2D contains a soil moisture accounting routing and is

interfaced with the GRASS GIS to make it a continuous

simulation model (Dr. Bahram Saghafian, personal

communication). Another investigation (Dr. Fred Ogden,

personal communication) is working on a version using a Holly-

Priessman implicit numerical technique for the channel routing

component. Coordination is on-going by WES to have these new

versions tested and verified and then combined into a working

comprehensive model that will handle a variety of hydrologic

modeling problems.

Future development will also include the addition of

upland sediment yield and overland and channel sediment

transport routines. This will allow the user to estimate

sediment loads from various upland landuse changes to assist

in the design of sediment and erosion control structures.

CASC2D has the ability to use rainfall data from a weather

radar system. As better radar rainfall data becomes available,

it will enhance the desirability and use of this model in the

future.
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conolueions

Based upon the results of the observed and hypothetical

storm events simulated for the Goodwin Creek Watershed, the

following conclusions can be made:

(1) In the case where there is accurate spatial data

representation of the watershed variability in soils and

landuse, a distributed model will simulate more closely the

true shape, rate of rise, and volume of the streamflow runoff

hydrograph than the lumped unit hydrograph methods;

(2) In the case where there is sufficient sub-basin

stream gage data available for calibration purposes, the

lumped unit hydrograph models such as HEC-1 can reproduce the

observed hydrograph reasonably well;

(3) The lumped models rely heavily on sub-basin stream

gage data in order to adequately simulate the observed

hydrograph, however CASC2D can simulate adequately as long as

accurate spatial data is available. If accurate spatial data

and sub-basin stream gage data are both lacking, then both

models (i.e.,, lumped or distributed) may produce questionable

results;

(4) Since the distributive model CASC2D consistently

produced more realistic results in terms of hydrograph shape

and volume of runoff, it offers more flexibility, when

performing sediment studies, than the lumped unit hydrograph

models. This will be especially true when evaluating the

effects of specific landuse changes or agricultural best
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management practices on erosion and sediment control within

the watershed;

(5) In performing this study, a GIS database had already

been developed. In the case where a GIS database does not

exist, a decision will have to be made as to whether an

intensive stream gaging operation is more cost effective than

developing data in a GIS. As time goes by, more GIS

information will be available for a low cost. This should help

to facilitate the development of a specific watershed GIS

database and thus help to reduce the amount of stream gage

data needed. Once a GIS database is developed, a distributed

model will be no more difficult to setup than a lumped model.

In the event that a lumped model is still desired, the GIS

data will help estimate the unit hydrograph and infiltration

parameters with more accuracy than traditional methods.

Reoommendatioas

The principal objective of this study was to evaluate the

watershed hydrology model, CASC2D, for purposes of application

to ungaged watersheds. The simulation results from this study

show that the CASC2D model will produce adequate results for

design purposes with a limited amount of gage data. GIS

databases are currently being developed for most of the

watersheds located in North Mississippi that will be part of

the Demonstration Erosion Control Project. Because less sub-

basin stream gage data needs to collected for use with a
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distributive model than a lumped model, it is recommended that

the CASC2D model be used as an aid in the design and

evaluation of streambank erosion and grade control structures

in the future.

It is recommended that the channel routing component of

the CASC2D model be revised as soon as possible to more

realistically represent the channel cross sections in order to

improve the timing of the simulated runoff hydrographs. It is

also recommended that the channel routing component be

uncoupled or separated from the overbank routing component for

modeling overbank flows. This would allow other numerical

channel routing techniques to be evaluated and perhaps

eliminate the stability problems caused by too long of time

steps. For design purposes of the erosion control measures,

the model must be able to handle high intensity, short

duration storm events. It is also recommended in the near

future, that the CASC2D model be enhanced by-adding sediment

yield and transport subroutines for both the overland flow and

channel routing components. This will allow evaluation of

planned watershed best management practices And erosion or

sediment control structures.

For future use of the HEC-1 model with Snyder's unit

hydrograph method on streams located in North Mississippi that

have similar watershed characteristics of Goodwin Creek, it is

recommended that the values used in this study will be good

starting approximations for calibrations or simulations.
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Table A-1 - Total Rainfall (Inches) - Part I

Storm Event
Rainfall Gage 1 2 3 4 5

1 2.66 1.48 1.96 2.43 5.81

2 2.81 1.44 1.92 2.41 5.81

4 2.91 1.41 2.00 2.44 5.77

5 3.01 1.34 2.18 2.41 5.69

6 2.66 1.44 2.05 2.50 5.81

7 2.96 1.31 2.32 2.31 5.68

8 2.90 1.29 2.57 2.34 5.85

10 3.04 1.24 2.69 2.12 5.85

11 2.97 1.24 2.58 2.14 5.67

13 2.69 1.40 1.91 2.53 6.00

14 2.79 1.37 1.98 2.32 5.79

50 3.04 1.41 2.15 2.52 5.78

51 2.81 1.37 2.00 2.15 5.91

52 2.75 1.34 1.93 2.28 5.74

53 2.55 1.27 2.11 2.29 5.85

54 2.84 1.32 2.14 2.47 5.81

55 3.11 1.24 2.49 2.17 5.64

Total 48.50 22.91 36.98 39.83 98.46

Average 2.85 1.35 2.18 2.34 5.79
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Table A-2 - Total Runoff (Inches) - Part I

Discharge Computation Storm Event
Gage No. Method 1 2 3 4 5

1 Observed .70 .98 .09 1.17 4.19
CASC2D .65 .94 .09 1.10 4.68
SCS .53 .66 .09 .84 2.77
Snyder .53 .66 .09 .82 2.76

2 Observed .70 .95 .10 .92 3.99
CASC2D .57 .80 .10 1.35 3.87
SCS .34 .42 .06 .51 1.80
Snyder .34 .42 .06 .51 1.80

3 Observed .39 .46 .06 .52 1.95
CASC2D .31 .41 .07 .68 1.94
SCS .45 .73 .07 .91 3.21
Snyder .45 .73 .07 .90 3.20

4 Observed .13 .16 .02 .20 .79
CASC2D .10 .13 .02 .22 .62
SCS .14 .21 .02 .26 .92
Snyder .14 .21 .02 .26 .92

5 Observed .22 .22 .06 .25 1.04
CASC2D .20 .23 .06 .38 1.11
SCS .17 .24 .05 .30 1.12
Snyder .17 .24 .05 .29 1.12

8 Observed .08 .08 .03 .09 .37
CASC2D .06 .06 .02 .11 .33
SCS .07 .10 .02 .11 .45
Snyder .07 .10 .02 .11 .45
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Table A-3 - Peak Flow (CFS) - Part I

Discharge Computation Storm Event
Gage No. Method 1 2 3 4 5

1 Observed 1405 1000 158 1219 3383
CASC2D 1396 1046 162 1218 3086
SCS 1532 975 158 1046 1977
Snyder 1785 1087 185 1198 2139

2 Observed 1541 998 181 1004 3256
CASC2D 1345 881 187 1393 2671
SCS 1131 687 132 733 1322
Snyder 1308 766 156 835 1414

3 Observed 1051 505 152 569 1785
CASC2D 868 449 177 727 1406
SCS 1182 993 164 1060 2154
Snyder 1377 1114 177 1145 2306

4 Observed 347 188 51 250 669
CASC2D 327 148 36 227 446
SCS 509 354 49 355 697
Snyder 594 395 57 403 741

5 Observed 560 277 146- 313 916
CASC2D 702 290 186 431 841
SCS 472 349 128 359 773
Snyder 538 391 145 399 827

8 Observed 260 110 98 124 350
CASC2D 237 94 97 121 255
SCS 268 175 88 158 331
Snyder 307 194 102 175 343
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Table A-4 - Time to Peak (Minutes) - Part I

Discharge Computation Storm Event
Gage No. Method 1 2 3 4 5

1 Observed 266 296 350 328 1354
CASC2D 232 338 380 254 1324
SCS 232 248 272 152 1332
Snyder 226 238 258 142 1332

2 Observed 248 248 294 306 1344
CASC2D 210 308 298 206 1310
SCS 200 214 198 118 1308
Snyder 194 208 194 110 1296

3 Observed 218 224 262 292 1332
CASC2D 196 248 244 178 1316
SCS 234 242 264 180 1344
Snyder 224 232 252 158 1332

4 Observed 206 234 218 264 1322
CASC2D 164 300 174 196 1312
SCS 206 210 200 114 1320
Snyder 202 206 196 104 1308

5 Observed 202 224 226 268 1324
CASC2D 172 218 200 132 1308
SCS 224 236 224 228 1356
Snyder 218 228 216 152 1344

8 Observed 192 208 194 224 1320
CASC2D 162 .182 166 210 1310
SCS 194 206 182 126 1332
Snyder 188 200 178 120 1320
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Table A-5 - Objective Function (CFS) - Part I

Discharge Computation Storm Event
Gage No. Method 1 2 3 4 5

1 Observed ...............
CASC2D 364 56 29 213 356
SCS 324 197 71 342 531
Snyder 498 249 86 414 534

2 Observed ---

CASC2D 405 101 9 389 283
SCS 401 271 57 254 569
Snyder 460 282 67 289 566

3 Observed ...............
CASC2D 216 44 50 164 126
SCS 153 332 23 441 373
Snyder 188 374 29 511 412

4 Observed --- ---........
CASC2D 116 29 14 57 88
SCS 86 83 6 121 55
Snyder 151 105 9 150 71

5 Observed ----
CASC2D 204 24 48 146 65
SCS 93 48 13 73 94
Snyder 70 54 10 99 82

8 Observed ...............
CASC2D 76 16 35 39 37
SCS 15 35 9 53 31
Snyder 27 43 18 63 35
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Table A-6 - Standard Error (CFS) - Part I

Discharge Coaputation Storm Event
Gage No. Method 1 2 3 4 5

1 Observed -

CASC2D 283 59 30 151 278
SCS 267 200 43 256 450
Snyder 391 250 52 299 479

2 Observed ...............
CASC2D 331 97 7 209 217
SCS 384 291 46 208 549
Snyder 450 310 52 233 565

3 Observed --... ..........
CASC2D 173 42 26 112 91
SCS 98 213 16 249 247
Snyder 106 232 20 283 264

4 Observed -
CASC2D 87 27 9 36 68
SCS 45 58 4 60 50
Snyder 78 71 6 72 61

5 Observed -... .. ---. ..

CASC2D 133 22 26 71 52
SCS 89 40 10 38 71
Snyder 64 42 8 50 64

8 Observed ---... ... ......
"CASC2D 58 15 22 21 27
SCS 14 25 6 26 25
Snyder 20 30 11 30 28
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Table A-7 - Average Absolute Error (CFS) - Part I

Discharge Computation Storm Event
Gage No. Method 1 2 3 4 5

1 Observed ...............
CASC2D 172 43 15 83 170
SCS 180 179 25 139 281
Snyder 259 220 31 163 305

2 Observed --- ... ..--- ....
CASC2D 203 72 5 91 119
SCS 242 240 33 119 332
Snyder 288 254 37 133 343

3 Observed ... ... .........
CASC2D 106 28 9 62 54
SCS 57 144 11 145 179
Snyder 57 158 13 165 184

4 Observed .. ... ... ......
CASC2D 52 20 5 16 38
SCS 22 42 3 27 35
Snyder 42 50 4 32 42

5 Observed ... ... .... ......
CASC2D 77 16 14 29 34
SCS 38 34 8 15 41
Snyder 31 33 6 22 42

8 Observed ... ............
CASC2D 36 11 12 7 15
SCS 8 20 4 11 17
Snyder 13 23 6 13 18
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Table A-8 - Average Percent Absolute Error (%) - Part I

Discharge Computation Storm Event
Gage No. Method 1 2 3 4 5

1 Observed --- ---

CASC2D 88 24 47 109 544
SCS 76 60 264 124 898
Snyder 104 69 326 178 982

2 Observed --- ----
CASC2D 303 26 37 145 277
SCS 99 69 200 114 397
Snyder 134 72 236 146 438

3 Observed ...--- --. ----

CASC2D 303 22 6344 442 408
SCS 49 59 7936 271 1780
Snyder 68 73 11449 561 2199

4 Observed --- ---........
CASC2D 792 28 184 1134 1291
SCS 68 60 78 431 3858
Snyder 97 75 103 692 5120

5 Observed --... . .. ...
CASC2D 7318 24 1154 267 221
SCS 52 41 74 33 286
Snyder 71 43 74 84 348

8 Observed --- ---......

CASC2D 2590 36 753 821 1484
SCS 71 63 161 442 3909
Snyder 85 76 230 674 4864
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Figure A-i - Plot of Computed Hydrographs versus Observed

Hydrograph for Storm Event 1 at Gage 1 - Part I.
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Hydrograph for Storm Event 2 at Gage 1 - Part I.
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Hydro-raph for Storm Event 2 at Gage 3 - Part 1.
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Figure A-12 - Plot of Computed Hydrographs versus Observed
Hydrograph for Storm Event 2 at Gage 8 - Part I.
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Hydrograph for Storm Event 3 at Gage 2 -Part 1.
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Figure A-15 - Plot of Computed Hydrographs versus Observed

Hydrograph for Storm Event 3 at Gage 3 - Part 1.
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Figure A-16 - Plot of Computed Hydrographs versus Observed

Hydrograph for Storm Event 3 at Gage 4 - Part I.
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Figure A-17 - Plot of Computed Hydrographs versus Observed
Hydrograph for Storm Event 3 at Gage 5 - Part I.
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Figure A-19 -Plot of Computed Hydographs versus observed
Hydrocraph for Storm Evet 4 at Gage I Part 1.
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Figure A-22 -Plot of Computed Hydrographs versus Observed
Hydrograph for Stars Event 4 at Gage 4 -Part 1.
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Figure A-23 - Plot of Computed Hydrographs versus Observed

Hydrograph for Storm Event 4 at Gage 5 - Part 1.
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Nydrograph for Storm Event; 4 at Gage 8 - PartI. o
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Figure A-25 - Plot of Computed Hydrographs versus Observed

Hydrograph for Storm Event 5 at Gage 1 - Part 1.
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Figure A-26 -Plot of Computed Hydrographs versus Observed
Hydrograph for Stara Event 5 at Gage 2 - Part 1:.

D119



CM

113

o° 1o

010

-R

D1200

cc 00
o 0M

D120



gas

ecD

0D

&C

(Sao)98JUI0810

Pl u * - 8M o r Ccu0d l ' rc a hl~ y rc rj jj r o 
J er usIlur

0tr F~t5a aJ -Pr .a
D12



CM

03
uowl

4DIL

0).)

0

(siO) eOflwqoesg

Figure A-29 - Plot of Computed Hydrographs versus Observed

Hydrograph for Storm Event 5 at Gage 5 - Part I.
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Figure A-30 - Plot of Computed Hydrographa versus Observed

Hydrograph for Storm Event 5 at Gage 8 - Part I.
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Figure A-31 - Storn Event No. 1 - Rainfall Hyetograph at
Rainfall Gage No. 54
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Table B-1 - Total Runoff (Inches) - Part II

Discharge Computation Storm Event
Gage No. Method 1 3

1 Observed .70 .09
CASC2D .70 .14
Snyder .79 .09

2 Observed .07 .095
CASC2D .61 .12
Snyder .63 .08

3 Observed .39 .06
CASC2D .32 .07
Snyder .38 .08

4 Observed .13 .02
CASC2D .11 .02
Snyder .11 .02

5 Observed .22 .06
CASC2D .20 .05
Snyder .13 .05

8 Observed .08 .03
CASC2D .06 .01
Snyder .05 .03
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Table B-2 - Peak Flow (CFS) - Part II

Discharge Computation Storm Event
Gage No. Method 1 3

1 Observed 1405 158
CASC2D 1354 144
Snyder 1936 176

2 Observed 1541 181
CASC2D 1255 144
Snyder 1604 205

3 Observed 1051 152
CKSC2D 726 108
Snyder 1128 220

4 Observed 347 51
CASC2D 244 53
Snyder 447 72

5 Observed 560 146
CASC2D 514 97
Snyder 433 177

8 Observed 260 98
CASC2D 151 43
Snyder 249 116
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Table B-3 - Time to Peak (Minutes) - Part II

Discharge Computation Stars Event
Gage No. Method 1 3

1 Observed 266 350
CASC2D 218 346
Snyder 244 358

2 Observed 248 294
CASC2D 198 274
Snyder 228 290

3 Observed 218 262
CASC2D 172 250
Snyder 220 244

4 Observed 206 218
CASC2D 150 164
Snyder 192 202

5 Observed 202 226
CASC2D 154 204
Snyder 208 214

8 Observed 192 194
CASC2D 150 162
Snyder 176 176
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Table 8-4 - Objective Function (CFS) - Part II

Discharge Computation Storm Event
Gage No. Method 1 3

1 Observed ..
CASC2D 479 53
Snyder 397 19

2 Observed ---

CASC2D 491 59
Snyder 221 11

3 Observed .....
CASC2D 284 41
Snyder 67 54

4 Observed .....
CASC2D 119 22
Snyder 97 13

5 Observed ......
CASC2D 201 29
Snyder 84 21

8 Observed ......
CASC2D 79 25
Snyder 41 26
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Table B-5 - Standard Error (CFS) - Part II

Discharge Computation Storm Event
Gage No. Method 1 3

1 Observed ..
CASC2D 364 34
Snyder 254 16

2 Observed ......
CASC2D 400 40
Snyder 176 10

3 Observed ......
CASC2D 224 26
Snyder 50 29

4 Observed ..
CASC2D 95 13
Snyder 65 8

5 Observed ......
CASC2D 146 21
Snyder 71 13

8 Observed --...

CASC2D 65 21
Snyder 31 14
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Table B-6 - Average Absolute Error (CFS) - Part II

Discharge Computation Stor• Event
Gage No. Method 1 3

1 Observed .....
CASC2D 227 17Snyder 143 9

2 Observed ......
CASC2D 260 19
Snyder 118 9

3 Observed .....
CASC2D 142 13
Snyder 35 17.

4 Observed .....
CASC2D 61 7
Snyder 39 5

5 Observed ---...
CASC2D 92 13
Snyder 44 8

8 Observed -.
CASC2D 41 13
Snyder 19 7
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Table 9-7 - Average Percent Absolute Error (%) - Part 1I

Discharge Computation storm Event
Gage No. Method 1 3

1 Observed .....
CASC2D 224 212
Snyder 71 52

2 Observed ......
CASC2D 2481 229
Snyder 99 60

3 Observed --....
CASC2D 1783 23446
Snyder 71 14268

4 Observed ......
CASC2D 1776 357
Snyder 110 120

5 Observed ......
CASC2D 36472 2048
Snyder 76 78

8 Observed --...
CASC2D 8042 1789
Snyder 86 266
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Figure B-6 - Plot of Computed Hydrographs versus Observed

Hydrograph for Storm Event 1 at Gage 8 - Part II.
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10 GOMIWMN CREEK MATERSHED
10 SI1DER NETN06 6/22/93 12:24 PW4
IT 2 160CT81 2119 300
I0
PG C
IN 1 18OCT81 2119
Pi 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.020 0.020 0.020 0.020
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Pi 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.022 0.022 0.022
P1 0.022 0.022 0.022 0.022 0.022 0.022 0.003 0.003 0.003 0.003
PI 0.003 0.003 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
PI 0.013 0.013 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043
P1 0.043 0.043 0.043 0.043 0.016 0.016 0.016 0.016 0.016 0.016
P! 0.016 0.016 0.000 0.000 0.000 0.000 0.000 0.019 0.019 0.019
PI 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.020
PI 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020
Pi 0.020 0.020 0.020 0.049 0.049 0.049 0.049 0.049 0.049 0.049
PI 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035
PI 0.035 0.000 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
P1 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.005 0.005
PI 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Pi 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
PI 0.005 0.005 0.020 0.020 0.020 0.020 0.020 0.020 0.012 0.012
PI 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.050 0.004
P1 0.004
PG 5
IN I 18OCT11 2119
P! 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.014 0.014 0.014 0.014 0.014 0.001 0.001 0.001
P! 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P! 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.004 0.004 0.004 O.004
PI 0.004 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025
PI 0.025 0.025 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
PI 0.013 0.013 0.013 0.013 0.013 0.030 0.030 0.030 0.030 0.030
PI 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.037 0.037 0.037
PI 0.037 0.037 0.037 0.037 0.000 0.000 0.000 0.000 0.000 0.010
-PI 0.010 0.010 0.010 0.016 0.016 0.016 0.016 0.016 0.016 0.016
P1 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016
P1 0.016 0.016 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040
PI 0.040 0.062 0.062 0.062 0.062 0.062 0.029 0.029 0.029 0.029
PI 0.029 0.029 0.029 0.010 0.010 0.010 0.010 0.010 0.010 0.010
P1 0.000 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.007 0.007 0.007
PI 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
P! 0.007 0.007 0.007 0.007 0.007 0.020 0.020 0.020 0.020 0.020
PI 0.020 0.020 0.012 0.012 0.012 0.012 0.012 0.012 0.025 0.025
PI 0.025 0.025 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003
PG 6
IN 1 18OCT81 2119
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.006 0.006 o.oo0 0.008 0.008 0.006 0.006 0.006
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.027 0.027 0.027 0.027 0.027 0.027
P1 0.027 0.027 0.027 0.027 0.027 0.027 0.018 0.018 0.018 0.018
P1 0.018 0.018 0.018 0.018 0.018 0.016 0.018 0.018 0.018 0.018
Pt 0.018 0.070 0.015 0.015 0.015 0.015 0.015 0.015 0.039 0.039
P1 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.005 0.005
Pi 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 O.0s

Sample Input for Inyder Lumped Model
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PI 0.031 0.031 0.01 0.031 0.031 0.01 0.031 0.031 0.01 0.01
P1 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031
PI 0.031 0.031 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040
PI 0.040 0.040 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pi o.000 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
Pi 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P! 0.001 0.001 0.001 0.001 0.001 0.001 0.010 0.010 0.010 0.010
PI 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020 0.020
PI 0.020 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
PI 0.005
PC 7
IN I 110CT81 2119
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.014 0.014 0.014 0.014 0.01 0.014 0.014 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.0 0.000
PI 0.000 0.000 0.000 0.0 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
Pi 0.006 0.006 0.008 0.008 0.008 0.001 0.008 0.006 0.006 0.006
PI 0.008 0.008 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032
PI 0.032 0.046 0.0"6 0.0"6 0.046 0.046 0.046 0.046 0.003 0.003
PI 0.003 0.003 0.016 0.016 0.016 0.016 0.016 0.016 0.016* 0.016
PI 0.016 0.016 0.016 0.016 0.016 0.011 0.011 0.011 0.011 0.011
PI 0.011 0.011 0.025 0.025 0.025 0.025 0.042 0.042 0.042 0.042
PI 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.045 0.045 0.045
PI 0.045 0.045 0.045 0.045 0.045 0.040 0.040 0.040 0.040 0.040
PI 0.060 0.0o0 0.006 0.006 0.006 0.m 0.0 0.006 0,.06 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
PI 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.035 0.035 0.035
PI 0.035 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.000
PI 0.000
PG 8
IN 1 18OCT81 2119
PI 0.000 0.000 0.000 0.004 0.004 0.004 0.004 0.004 0.004 0.004
Pt 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.007
Pr 0.007 0.007 0.007 0.007 0.007 0.001 0.001 0.001 0.001 0.001
P! 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.027 0.027 0.027 0.027 0.02?
Pi 0.027 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 '0.018
Pl 0.018 0.018 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022
PI 0.022 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023
PI 0.023 0.023 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040
PI 0.040 0.005 0.005 0.005 0.005 0.005 0.005 0.018 0.018 0.018
P! 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.017
Pi 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017
PI 0.017 0.017 0.017 0.009 0.069 0.069 0.069 0.069 0.069 0.069
PI 0.069 0.069 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.025 0.025 0.020 0.020 0.005 0.005 0.005 0.005 0.005
Pi 0.005 0.005 0.005 O.OOS 0.005 0.005 0.005 0.005 0.005 0.005
Pi 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
PI 0.023 0.023 0.023 0.023 0.006 O.OU6 0.006 0.006 0.006 0.006
P 0.0o06 0.006 0.006 0.006 0.0 0.006 0.006 0.006 0.017 0.017
PI 0.017
PG 10
IN I 186OT81 2119
Pi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.020 0.020 0.020 0.020 0.020 0.000 0.000 0.000
Pl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P1 9.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.00 0.00o o.ooo 0.000 0.000 0.000

Sample input for Onyder Lumped Model - Continued
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PI 0.000 0.000 0.000 0.000 0.031 0.031 0.031 0.031 0.031 0.031
PI 0.031 0.031 0.031 0.031 0.031 0.002 0.002 0.002 0.002 0.002
P! 0.035 0.035 0.035 0.035 0.010 0.010 0.010 0.010 0.010 0.010
PI 0.010 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033
Pi 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033
P! 0.004 0.004 0.006 0.004 0.004 0.020 0.020 0.020 0.020 0.020
PI 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.030 0.030 0.030
P! 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
PI 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
Pt 0.030 0.030 0.030 0.016 0.016 0.016 0.016 0.016 0.016 0.016
Pi 0.016 0.000 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
P1 0.006 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019
PI 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.050 0.050 0.003
PI 0.003
PG 11
IN I 18OCT81 2119
P! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pt 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.005 0.005 0.030 0.030 0.030 0.001 0.001
Pi 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Pi 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.017 0.017 0.017 0.050 0.050
PI 0.050 0.050 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.006
PI 0.008 0.008 0.006 0.006 0.050 0.050 0.013 0.013 0.013 0.010
PI 0.010 0.010 0.025 0.025 0.025 0.025 0.025 0.025 0.064 0.064
PI 0.066 0.064 0.064 0.026 0.026 0.026 0.026 0.026 0.007 0.007
PI 0.007 0.002 0.002 0.002 0.002 0.002 0.007 0.007 0.007 0.007
PI 0.007 0.007 0.062 0.042 0.042 0.042 0.042 0.011 0.011 0.011
PI 0.011 0.011 0.011 0.011 0.011 0.011 0.028 0.028 0.026 0.02B
PI 0.028 0.065 0.045 0.05 0.065 0.060 0.060 0.037 0.037 0.037
PI 0.040 0.050 0.020 0.020 0.020 0.020 0.020 0.011 0.011 0.011
PI 0.011 0.011 0.011 0.011 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.005 0.005 0.005 0.005 0.005 0.005 .05 O.05 0.005 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.080 0.012
PI 0.012 0.012 0.012 0.012 0.012 0.009 0.009 0.009 0.009 0.009
PI 0.009
PG 13
IN I 18OCT81 2119
PI O.OOO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.023 0.023 0.023 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.012 0.012 0.012 0.012 0.012 0.012
PI 0.012 0.012 0.012 0.012 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003 0.018 0.018 1.018 0.018 0.006 0.006 0.006 0.006 0.006
PI 0.034 0.034 0.034 0.036 0.036 0.036 0.036 0.036 0.036 0.036
PI 0.034 0.036 0.034 0.036 0.036 0.034 0.036 0.002 0.002 0.002

•PI 0.002 0.002 0.015 0.015 0.018 0.018 0.018 0.018 0.018 0.016
PI 0.018 0.018 0.018 0.018 0.018 0.018 0.010 0.010 0.010 0.010
P3 0.010 0.010 0.010 0.010 0.061 0.061 0.061 0.061 0.041 0.061
Pi 0.041 0.061 0.061 0.041 0.041 0.041 0.061 0.041 0.061 0.061
P1 0.041 0.061 0.061 0.018 0.018 0.018 0.018 0.018 0.018 0.018
PI 0.016 0.020 0.020 0.007 0.007 0.007 0.007 0.007 0.007 0.007
PI 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.006 0.006 0.006
P1 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
Pi 0.006 0.006 0.006 0.006 0.006 0.013 0.013 0.013 0.013 0.013
PI 0.013 0.013 0.013 0.013 0.013 0.013 0.011 0.011 0.011 0.011
Pi 0.011 0.011 0.011 0.011 0.011 0.006 0.004 0.006 0.004 0.006
P1 0.006
Ps 16
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IN 1 180CT31 2119
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.m
P! 0.000 0.000 0.020 0.020 0.020 0.020 0.020 0.000 o.m 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00 0.000
Pi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P0 0.000 O.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0,000 0.000 0.000 0 .000 0.0 0.000 0.033 0.03 O. 0.013
PI 0.013 0.013 0.013 0.013 0.013 0.001 0.001 0.001 0.001 0.005
PI 0.001 0.001 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
Pt 0.036 0.036 0.036 0.036 0.036 0.O36 0.O56 0.036 0.036 0.036
P! 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.00 0.003
Pi 0.003 0.003 0.003 0.003 0.00B 0.006 0.008 0.000 0.008 0.0
PI 0-.o2 0o.o0 0o.oM 0.-m O.s 0.m 0.032 0.032 0.032 0.032
P1 0.02 0.032 0.032 0.032 0.032 0.032 0.O32 0.032 0.032 0.032
PI 0.032 0.032 0.032 0.032 0.032 0.037 0.037 0.057 0.0 0.0
PI 0.037 0.037 0.037 0.0 0.014 0.014 0.014 0.014 0.014 0.014
PI 0.014 0.010 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.009 0.009 0.005 0.00 0.00 0.005
P1 0.0O5 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.00S
PI 0,005 0.005 0.005 0.005 0.005 0.0O5 0.005 0.013 0.013 0.013
PI 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
PI 0.013 0.013 0.013 0.013 0.013 0.003 0.003 0.003 0.003 0.003
PI 0.003
P1 0.171
PG so
IN I 13OCT51 2119
PI 0.000 0.004 0.004 0.004 0.004 0.004 0.004 0.0A0 0.040 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.020 0.020 0.020
Pt 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.003 0.003 0.003
PI 0.003 0.0oo 0.o03 0 .. 03 00 o.mo.oa 0.o 0.020 O.02= 0.027
PI 0.027 0.027 0.027 0.027 0.027 0.027 0.027 O .07 0.027 0.02
P1 0.027 0.07 0.027 0.027 0.027 0.027 0.027 0.027 0.02 0.027
PI 0.07 0.027 0.027 0.027 0.m 0.000 0.000 0.05 0.025 0.015
PI 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
P1 0,015 0.015 0,015 0.015 0.024 0.04 0.024 0.024 0.024 0.04
PI 0.024 0.024 0.024 0.U4 0.O51 0.051 0.051 0.051 0.051 0.051
P1 0.051 0.O51 0.043 0.043 0.043 0.043 0.0 0.043 0.043 0.013
PI 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
PI 0.000 0.002 0.002 0.002 0.002 0.002 0.00 0.002 0.002 0.002
PI 0.002 0.002 0.00060.00 0.006 0.006 o.o6 o.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.017 0.017 0.017 0.017 0.017 0.017 0.017
PI 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020
PI 0.020 0.020 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.005
PG 51
IN 1 1803T1 2119.
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.0o5 m0.000 0.o50 0.000
PI 0.000 0.0 0.01 0 0.015 o.018 0.018 o.oo6 0.006 0.006 o.oo6
pI 0.006 0.m00 0.0mo0.50 0 .0m0 0.0 0.0m o. 0.000 0.m50 0.000
P1 o00o o.o0o 0 0.000 0.00 o.m 0.m0 o.0.o 0.0o5 o.m.o 0.o0m
P1 0.000 0.000 0.000 0.000 0.000 0.m50 0.0m5 0.000 0.mN 0.000
P 0.m0 0.m0 0.000 0.0 0.m o. g.0 0.017 0.017 0.017
PI 0o.o0 o.oos 0.o00 o.o08 o.os o.oo8 0.002 0.002 0.002 o.orw
PI 0.002 0.002 0.030 0.030 0.007 0.007 0.007 0.011 0.011 0.011
P1 0.011 0.011 0.011 0.011 0.036 0.036 0.036 0.036 0.036 0.036
PI o.036 0.057 0.057 0.057 0.0o5 0.o05 0.033 0.033 0.033 0.003
PI 0.0o0 0.0o0 0.003 0.003 0.003 0.003 0.0,0 0.0o5 0.0o5 0.0o5
PI 0.005 0.024 0.024 0.024 0.024 0.024 0.023 0.023 0.023 0.010
PI 0.010 0.010 0.010 0.010 0.010 0.026 0.02B 0.029 0.025 0.028
P1 0.0o3 0.03 0.03 0.033 0.033 0. 0.103 0.103 0.103 0.033
PI 0.033 0.033 0.033 0.o00 0.030 0.030 0.030 0.030 0.030 0.030
PI 0.000 0.m00 0.013 0.013 o.013 0.013 0.013 0.013 0.013 0.015
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P1 0.015 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.010 0.010 0.010 0.025 0.025 0.008 0.006 0.008 0.006
Pi 0.008 0.008 0.023 0.023 0.023 0.003 0.003 0.003 0.003 0.003
PI 0.003
PG 52
IN 1 U1OCT81 2119
Pl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.017 0.017 0.017 0.017 0.017 0.017 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.016 0.016 0.016 0.016
PI 0.016 0.013 0.013 0.013 0.004 0.006 0.004 0.004 0.006 0.004
P1 0.004 0.005 0.005 0.005 0.005 0.015 0.015 0.015 0.015 0.015
PI 0.015 0.015 0.015 0.048 0.048 0.048 0.048 0.048 0.048 0.048
PI 0.018 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020
PI 0.000 0.000 0.000 0.017 0.017 0.017 0.003 0.003 0.003 0.003
PI 0.032 0.032 0.032 0.032 0.032 0.032 0.009 0.009 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.025 0.025 0.025 0.025 0.025 0.025
Pt 0.056 O.OS 0.056 0.054 0.054 0.054 O.O5 0.054 O.O5 O.O5
P1 0.054 0.05 0.035 0.05 0.035 0.017 0.017 0.017 0.017 0.017
PI 0.017 0.000 0.012 0.012 0.012 0.012 0.012 0.012 0.006 0.006
P1 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.011
PI 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.010
PI 0.010 0.020 0.020 0.020 0.020 0.002 0.002 0.002 0.002 0.002
P1 0.002
PS 53
IN I 18OCT81 2119
P! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.007 0.007 0.007 0.007 0.007
Pi 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.014 0.014 0.014 0.016 0.014 0.014 0.014 0.003 0.003
PI 0.003 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.018 0.018
PI 0.018 0.018 0.018 0.018 0.027 0.027 0.027 0.027 0.027 0.027
PI 0.027 0.065 0.065 0.033 0.033 0.03 0.033 0.035 0.035 0.035
PI 0.035 0.002 0.002 0.002 0.002 0.002 0.002 0.010 0.010 0.010
PI 0.003 0.003 0.003 0.012 0.012 0.012 0.012 0.012 0.120 0.011
PI 0.011 0.011 0.011 0.011 0.011 0.011 0.017 0.017 0.017 0.017
PI 0.017 0.017 0.050 0.050 0.010 0.010 0.067 0.067 0.067 0.050
PI 0.050 0.050 0.050 0.033 0.033 0.033 0.023 0.023 0.023 0.025
PI 0.025 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
PI 0.007 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
P1 0.006 0.00m 0.mW 0.008 0.008 0.008 0.008 0.020 0.020 0.020
PI 0.005 0.005 0.005 0.005 0.005 0.005 0.018 0.018 0.018 0.018
PI 0.003
PG 54
IN 1 18OCT81 2119
P1 0.000 0.000 0.016 0.016 0.016 0.016 0.016 0.016 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Pi 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.053 0.053
PI 0.053 0.014 0.014 0.016 0.016 0.014 0.016 0.016 0.006 0.006
P1 0.006 0.006 0.006 0.027 0.02 0.027 0.026 0.028 0.02B 0.028
Pi 0.028 0.028 0.02B 0.028 0.028 0.05 0.026 0.028 0.021 0.028
P1 0.028 0.028 0.030 0.030 0.030 0.030 0.030 0.030 0.007 0.007
P1 0.007 0.007 0.007 0.007 0.007 0.012 0.012 0.012 0.012 0.012
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P1 0.012 0.018 0.018 0.018 0.018 0.018 0.018 0.016 0.016 0.016
PI 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016

P1 0.016 0.050 0.050 0.050 0.050 0.050 0.050 0.= 0.05r0
PI 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.011 0.011 0 n!,
Pi 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.0'.
PI 0.011 0.000 0.006 0.006 0.006 .w 0.006 0.006 0.006 0.0w6
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 O.026
PI 0.026 0.026 0.026 0.026 0.007 0.007 0.007 0.007 0.007 0.007
PI 0.00? 0.007 0.007 0.007 0.015 0.015 0.015 0.015 0.002 0.002
Pi 0.002 0.00 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002

IN I 190CT81 2119
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.020 0.020 0.020 0.020 0.020 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.024 0.024 0.0"
PI 0.0A4 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024
PI 0.003 0.003 0.003 0.003 0.032 0.032 0.032 0.032 0.032 0.007
Pi 0.007 0.00? 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024
P1 0.024 0.024 0.024 0.024 0.024 0.024 0.036 0.036 0.06 0.036
PI 0.036 0.036 0.036 0.036 0.004 0.004 0.004 0.004 0.004 0.004
PI 0.004 0.015 0.015 0.005 0.005 0.021 0.021 0.021 0.021 0.021
PI 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021
Pi 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021
Pi 0.021 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.090 0.090
P1 0.000 0.000 0.040 0.060 0.040 0.040 0.040 0.040 0.009 0.009
Pl 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.007 0.007 0.007
P1 0.007 0.007 0.00? 0.007 0.007 0.00? 0.00? 0.007 0.007 0.007
Pl 0.007 0.00? 0.007 0.007 0.00? 0.009 0.009 0.009 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.002 0.002 0.002 0.002 0.002 0.001
PI 0.001
Ux IA14
1M Rowof for Sub-Area 14
UA 0.14

PU 11
Pit II
LG 1.20 .13 6.57 .1983
US 0.51 0.843
KX 18-17
M Rtoutine from node .18 to node 17

Nt .06 .06 .0 205 .00410
IX 4949 4950 4975 4996 S00 5025 5030 5050
mY 343.0 342.0 337.0 327.0 327.0 337.0 342.0 342.0
IX SA13
UA 0.31
Pt 8 11
PV 299 .701
LU 1.20 .13 6.57 .19 3
US 0.99 .0.843
iX CI71
* Cobine Nydrographs at nods 17
NC 2
IX 17-15
W touting from node 17 to node 15

K .OB .04 .06 2075 .00386
RI 4949 49SO 4975 4996 S00 5025 5030 5050
mY 343.0 342.0 337.0 327.0 327.0 337.0 342.0 342.0
KK SAlI
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0 Iuneoff for Sub-Area 11
IA 0.17
Pe 10 11
PU .U .737
LB 1.20 .13 6.57 .19A3
US 0.63 0.843
a 16-15

t Iouthiv free node 16 to nodu 15

I .08 .04 .63 2500 .00400
R 4949 4950 4975 4996 5004 505 503 S05
RY 343.0 342.0 337.0 327.0 327.0 337.0 342.0 342.0
aI 6612
0 hmsff for SUb-Ares 12
IA 0.07
P. a
Pu I
LO 1.20 .13 6.57 .190
US 0.56 0.843
KK C151
* Cubtne N•drraph at nods 15
vC 3
x CAM8
0 Observed vs. amputed
II 2 11OCT81 2119
GO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
go 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
63 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
60 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1
Go 0.1 0.1 0.1 0.1 0.3 1.8 6.2 12.7 20.3 27.7
60 33.1 36.5 43.8 48.2 53.4 59.0 45.0 72.0 79.5 s4.7
63 92.8 100.4 16.5 120.4 132.7 148.3 163.7 175.4 192.5 205.7
60 216.3 nO.8 236.5 245.1 251.7 255.1 260.2 W9.1 258.1 257.1
63 256.1 255.1 250.0 245.0 236.8 230.4 221.7 214.8 205.7 199.7
63 191.0 183.9 177.0 170.2 164.9 158.4 153.9 148.3 143.4 139.6
63 135.0 132.7 129.2 127.7 126.2 124.7 121.4 119.2 117.0 114.9
63 112.7 110.6 106.5 105.4 103.4 100.4 96.5 95.7 92.9 90.1
63 87.4 84.3 81.6 79.5 77.0 74.1 71.6 69.3 "6.9 64.6
63 62.7 60.5 57.6 54.1 52.8 51.1 49.2 47.3 45.4 43.5
63 41.7 40.0 36.5 37.4 36.0 34.4 32.6 31.6
30.3 26.9

60 27.4 26.3 24.9 23.6 22.8 21.9 20.9 19.9 19.0 18.2
63 17.7 17.0 16.5 15.9 15.2 14.6 14.1 13.6 13.0 12.6
63 12.1 11.5 11.1 10.8 10.5 10.2 9.8 9.5 9.2 9.0
Go 8.7 8.4 6.1 7.8 7.6 7.4 7.1 6.9 6.7 6.5
63 6.3 6.2 6.1 5.9 5.8 5.6 5.5 5.3 5.2 5.1
63 5.0 4.8 4.7 4.5 4.4 4.3 4.2 4.1 4.0 3.9
63 3.8 3.8 3.7 3.6 3.5 3.3 3.2 3.1 3.1 3.0
00 2.9 2.9 2.8 2.7 2.7 2.6 2.6 2.5 2.5 2.4
63 2.4 2.3 2.3 2.2 2.2 2.1 2.1 2.1 2.0 2.0
63 2.0 1.9 1.9 1.9 1.8 1.8 1.8 1.7 1.7 1.7
NO 1.6 1.6 1.5 1.5 1.5 1.4 1.4 1.4 1.4 1.3
63 1.3 1.3 1.3 1.3 1.2 1.2 1.2 1.2 1.2 1.2
63 1.1 1.1 1.1 1.1 1.1 1.1 1.0 1.0 1.0 1.0
KK 15-14
iN Routing frao nods 15 to nods 14
0
IC .08 .04 .08 3600 .00513
IX 4848 4948 4954 4946 5031 5046 5096 5148

1r 338.5 336.5 337.0 329.0 320.5 335.0 336.5 336.5
K0 SA9
1 Runoff for Sub-Arem 9
IA 0.86
PN 5 55 10 6
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PU .a6 .2 .123 .37
Le 1.20 .13 6.57 .1-=
US 1.47 0.643
a CIAI
g Cabina widrogt* at nods 14
sc 2
a 14-12
w Routing frow node 14 to nods 12

RC .08 .06 .06 30 .00342
Ix 4848 44W8 4954 49M 5031 5046 509 5148
Ii 3M.5 336.5 337.0 329.0 320.5 335.0 336.5 336.5
IC( MIO

1 imoff for 8U6-ArMs 10
@A 0.15
Pe 10 11
Pw .969 .051
LB 1.20 .13 6.57 .1Ago
wS 0.57 0.643
1X 13-12
1 Rout in@ from nods 13 to node 12

tc .100 .040 .100 5500 .00791
IX 20 70 120 127 14 160 20 270
ty 331.0 329.2 326.5 319.8 314.0 329.5 329.6 330.5

* C0blng hwlrographs at node 12
K 2

NK GROB3
SobsorvWd vs. Cxoquted

Is 2 101CT81 2119
GO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
G0 0.0 0.0 .0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 3.9
00 12.3 15.6 18.5 21.4 25.4 32.9 42.6 50.8 57.1 61.6
o0 64.8 68.8 71.3 75.5 80.8 88.3 95.9 10.4 122.7 138.9
00 158.1 176.9 196.7 220.1 244.8 270.6 292.7 313.3 337.0 357.6
W0 310.9 400.7 425.5 448.9 473.0 495.4 513.1 52V.3 539.0 547.0
00 554.9 540.3 559.5 558.6 557.8 557.0 556.1 555.3 550.9 544.3
0O 537.7 526.5 520.8 515.6 506.0 500.5 492.9 485.3 475.5 465.8
00 456.1 W44.9 43B.3 429.0 421.0 409.7 400.9 392.1 383.3 374.5
00 363.9 355.5 348.2 340.1 331.1 323.2 315.4 30?.5 296.1 290.7

0 283.3 2V6.0 267.0 258.3 251.4 242.9 234.7 228.1 220.1 213.8

W0 204.6 190.6 191.2 185.4 178.3 172.8 167.2 160.5 152.7 147.6

G0 141.4 136.6 131.9 127.1 122.4 116.8 112.6 108.4 104.2 100.0
GO 95.9 92.0 89.1 05.4 82.6 79.9 76.4 74.7 72.1 69.2

00 66.8 64.8 62.8 60.5 58.3 56.4 54.6 52.8 51.1 49.3

00 47.7 45.7 4A.1 42.5 41.0 39.5 37.7 36.2 35.1 34.0

00 32.6 31.3 30.0 23.8 27.8 27.1 26.1 24.9 24.0 23.1

00 22.5 21.8 21.0 20.1 19.6 19.1 18.5 17.8 17.2 16.7

00 16.3 15.9 15.6 15.2 14.9 14.6 14.2 13.9 13.7 13.4

00 13.2 13.0 12.8 12.5 12.3 12.1 11.9 11.8 11.5 11.2

00 10.9 10.7 10.5 10.4 10.2 10.0 9.8 9.5 9.3 9.2

0o 9.0 8.9 8.7 8.6 8.4 8.2 8.1 8.0 7.8 7.7

G0 7.5 7.4 7.3 7.1 7.0 6.9 6.8 6.6 6.5 6.3

00 6.2 6.1 6.0 5.9 5.8 5.7 5.7 5.6 5.5 5.4

00 5.3 5.2 5.1 5.0 5.0 4.9 4.8 4.8 4.7 4.7

00 4.6 4.6 4.5 4.4 4.4 4.3 4.2 4.1 4.0 3.9

I1 12-10
i0 Routing from nods 12 to node 10

Kc .070 .038 .070 35OO .0043
IX 20 120 126 139 165 172 206 2
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IT V9.8, 31.5 26.0 26.O 270.5 24.0 1.5 0.2

R unff from ub-Ama 6
SA 0.4
Pmt 6 5 6
PU .70 .072 .
LI 1.20 .13 6.57 .19l
US 1.05 0.843
IX 11-10
0 Routine fromnods 11 to nods 10
B

mc .07 .038 .07 20 .00542
a 20 120 126 139 165 172 206 248
Ry 29.8 0.5 7.0 2.0 270.5 V4.0 1.5 O.2

* Runef from Sb-Arua 6
IA 1.29
Pm 6 4 54 7 55 5
PW .601 .090 .12B .012 .061 .106
Le 1.20 .13 6.57 .1AM
US 1.54 0.843
IX C101
N Cmine ydrogrphs at nod 10
KC 3
KK 10-7
W Routine from nods 10 to nods 7

Ic .070 .0 .070 30 .0015
ax 20 120 126 139 145 172 206 248
IT 279.8 M.5 276.0 2.0 270.5 24.0 N.5 N.2
KK SAT
W Runoff from sub-Am 7
IA 0.63
PI 53 7 55 10
PU .010 .574 .321 .095
LI 1.20 .13 6.57 .198
US 0.93 0.843
I0 9-8
0 Routing ftrm node 9 to node 8
0
RC .080 .035 .080 0 .0M
RX 4876 4926 4979 4996 500 5M021 5051 5126
IT 301.4 301.3 301.5 M.0 2.3 300.5 299.7 299.6
IX AS
0 Runft from Sib-Ares 5
IA 0.78
Pit 4 5o 53 7 54
PU .051 .220 .1" .375 .200
LO 1.20 .13 6.57 .AM
US 0.69 0.643
IX C8l
W Comine NydroI*M at node 6
MC 2
KX 8-7
W touting from nods 8 to nob 7
0
RC .a .5 .080 mOO .0482
RX 4876 4926 4979 4996 5003 5021 5051 5126
IT 301.4 301.3 301.5 291.0 291.3 300.5 299.7 299.6
1E64114
DI Observd vs. Comuted
IN 2 18OCT81 2119
GO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
so 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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so 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
g0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

GO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 5.6 11.3 15.1 20.9 35.6 53.5
g0 66.5 77.6 90.2 102.9 115.7 123.6 142.9 158.2 171.9 183.8
0 201.8 225.9 245.2 259.8 273.4 266.1 298.2 309.6 319.2 327.2
go 335.1 340.7 343.9 347.2 347.2 347.2 347.2 346.5 345.2 343.8
00 339.2 331.3 323.4 315.5 307.7 303.0 301.5 300.0 296.4 296.9
GO 294.0 209.7 205.3 230.9 276.6 272.2 267.9 263.5 258.1 252.7
GO 247.3 242.5 238.4 232.3 225.8 218.9 211.9 204.9 197.9 190.9
so 184.0 177.3 170.6 163.9 157.2 150.5 143.8 138.6 133.3 126.1
0o 122.8 117.8 113.2 108.5 103.9 99.2 95.2 91.8 68.3 84.9
30 81.5 78.1 74.7 71.3 68.8 66.3 63.9 61.4 58.9 56.5
30 54.0 51.5 49.1 46.6 44.4 42.6 40.8 39.0 37.2 35.6
0o 34.5 33.3 32.1 30.9 29.9 29.1 20.4 V7.6 26.9 26.1

30 25.3 24.6 23.8 23.1 22.5 22.1 21.7 21.3 20.9 20.5
30 20.1 19.7 19.3 18.9 18.5 18.1 17.7 17.3 16.9 16.5
30 16.1 15.7 15.3 14.9 14.5 14.1 13.7 13.5 13.2 12.9
30 12.6 12.4 12.1 11.8 11.5 11.3 11.0 10.7 10.4 10.2
30 9.9 9.6 9.3 9.1 8.8 8.5 8.3 8.1 7.9 7.7
30 7.5 7.3 7.1 7.0 6.8 6.6 6.4 6.2 6.0 5.8
30 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.8 4.7
30 4.6 4.5 4.4 4.3 4.2 4.2 4.1 4.1 4.0 4.0
00 3.9 3.9 3.8 3.8 3.7 3.7 3.7 3.6 3.6 3.6
30 3.6 3.5 3.5 3.5 3.5 3.4 3.4 3.4 3.3 3.3
gO 3.3 3.3 3.2 3.2 3.2 3.2 3.1 3.1 3.1 3.0
10 C71
KN Combine Nydrogvaphs at node 7
KC 2
KK•Al3
0 Obserrwd vs. Conputed
IN 2 18OCT81 2119
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
g0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
g0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
g0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8
g0 7.2 8.7 9.5 10.3 12.1 14.5 16.6 20.7 25.4 37.2
00 60.9 92.9 145.8 199.3 253.4 302.2 349.7 394.5 435.3 485.8
30 527.7 567.5 617.4 669.7 743.2 781.8 841.1 861.6 896.0 866.7
0o 956.9 995.5 964.4 956.9 964.4 1012.2 1005.6 973.4 9M8.5 1050.6
001042.2 1033.9 1025.5 956.9 946.1 935.2 913.9 935.2 978.9 946.1
30 929.9 908.6 841.1 326.0 806.1 785.1 772.6 760.2 747.7 735.3
30 725.4 ?18.6 705.9 692.2 678.6 660.8 638.9 621.8 604.7 592.3
g0 579.9 567.5 547.4 533.5 516.0 502.7 485.8 474.7 458.4 447.7
30 435.3 424.9 414.6 401.3 308.0 376.5" 368.5 362.2 354.4 340.5
30 331.7 322.9 314.1 305.3 296.6 2A5.4 277.2 266.5 261.2 250.9
g0 244.5 235.8 228.4 218.9 210.7 203.9 197.0 169.2 184.9 177.4
00 168.1 164.0 158.1 152.2 144.6 140.8 135.4 131.8 124.8 121.4
30 118.0 113.1 106.2 105.0 100.4 97.3 92.9 90.0 68.1 85.8
go 83.0 00.3 78.5 76.3 73.8 71.2 69.0 67.1 65.4 63.9
GO 62.3 58.1 56.6 55.2 53.7 51.6 50.0 49.0 47.5 45.5
30 44.2 43.0 41.7 40.3 38.9 38.1 37.2 35.9 34.6 33.8
30 33.0 31.9 31.0 30.2 29.4 23.7 23.0 2?.4 26.8 26.0
go 25.1 24.5 24.1 23.7 23.3 22.5 21.8 21.2 20.8 20.5
00 20.1 19.6 19.1 18.8 18.5 18.2 17.9 17.6 17.3 17.0
30 16.8 16.4 16.1 15.8 15.5 15.2 14.9 14.6 14.4 14.1
00 13.9 13.7 13.6 13.4 13.2 13.1 12.9 12.7 12.6 12.4

30 12.2 12.0 11.7 11.3 11.1 11.0 10.9 10.8 10.7 10.6
OD ,0.5 10.4 10.3 10.2 10.0 9.9 9.7 9.5 9.4 9.2
K 7?-5

KK Routing from node 7 to node 5
a
itc .07 .038 .07 4070 .00381
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RX 41% 4960 49 4996 5014 SM S040 5156
IY 262.5 644.0 257.5 252.5 253.3 2S6.5 244.8 IA3.7

KN Runoff for Ob-Ares 4
SA 0.60
P10 52 53 so 14
PU .458 .345 .035 .162
La 0.6 .13 6.57 .1A3
US 0.00 0.843
a 6-5

I Routine from node 6 to nods S
D

Kc .07 .03 .07 340 .00750
N 4056 49W 0 4972 4904 5014 2 5"00 5156
tY 262.5 264.0 257.5 252.5 253.3 256.5 24•.8 243.7
Pe 1 10
IN 1 1800T81 2119
PI 0.00 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
P! 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.002 0.002 0.002 0.005 0.005 0.005 0.005 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.039 0.039 0.09 0.039 0.039 0.039
PI 0.09 0.039 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
P1 0.000 0.000 0.000 0.018 0.018 0.018 0.018 0.007 0.007 0.007
PI 0.010 0.010 0.010 0.m2 0.02 0.08 0.02 0.028 0.00m 0.008
PI 0.006 0.008 0.008 0.022 0.022 0.022 0.022 0.022 0.022 0.051
Pi 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051
PI 0.051 0.051 0.051 0.051 0.047 0.047 0.047 0.015 0.015 0.015
P! 0.015 0.000 0.000 0.007 0.007 0.007 0.007 0.007 0.007 0.007
P1 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.005 0.005
PI 0.005 0.005 0.005 0.005 0.005 0.005 0.012 0.012 0.012 0.012
PI 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.011
P! 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
PI 0.050 0.004 0.004 J.004 0.004 0.004 0.004 0.00 0.004 0.004
PI 0.004
NS 2 11
IN 1 10¢OT81 2119
PI 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
Pi 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
P1 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.005
P1 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003 0.003 0.003 0.003 0.027 0.02? 0.027 0.004 0.004 0.004
Pi 0.004 0.004 0.027 0.02 0.027 0.027 0.027 0.027 0.034 0.034
PR 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
P1 O.034 0.034 0.000 0.000 0.000 0.00o 0.00B 0.00o 0.00o 0.00o
Pi 0.006 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021
Pi 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022
Pi 0.022 0.022 0.022 0.022 0.054 0.054 0.054 O.054 0.054 0.054
Pi 0.054 0.054 0.054 0.033 0.033 0.033 0.033 0.033 0.033 0.033
P1 0.033 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
P! 0.013 0.000 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
P1 o.W9 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
PR 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
P1 0.009 o.09 0.009 0.00 0.o, o.o, 0.004 0.00o 0.004 O.O
P1 0.00 0.004 0.004 .004 O.O04 0.00o O.OO0 0.004 0.004 O.004
PI 0.00W
K UA3

18 Runoff from S"b-Are 3
IA 0.90
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1 2 13 14 50 4 6
PI .369 .26 .16" .071 .114 .018
LO 0.6 .13 6.57 .1983
tU 0.97 0.843
K CS1

RN Cabine NyIo•rophs at nods 5
NC 3
UK 5-3

RM Routing f rm node 5 to nod* 3
0
mc .07 .038 .07 614 .00193

X 4056 4960 4972 4966 5016 5022 5040 5156
IY 262.5 266.0 257.5 252.5 253.3 256.5 266.8 263.7

SKSA2
SRtunoff from Sub-Ara 2

NA 0.60
PI 51 52 14 13 2
P1 .465 M6 .048 .157 .022
LG 0.6 .13 6.57 .1983
US 1.11 0.863
UK 4-3

RN Rouaing from nods 4 to node 3

mc .07 .038 .07 6345 .00750
RX 456 4960 4972 4966 5014 5022 5040 5156
mY 262.5 264.0 257.5 252.5 253.3 256.5 264.8 263.7
UK C31
IMU Combine hydrographs at nods 3
KC 2
IM &AWE2
N Observed vs. Comuted
IN 2 1OCT11 2119
00 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
00 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
G0 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
G0 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
go 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8
00 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 4.3 4.6 6.1
GO 8.9 13.2 18.1 22.4 26.5 30.2 34.2 40.3 45.2 51.2
00 58.7 69.3 81.3 95.1 112.2 129.1 147.4 165.0 190.3 232.1
00 299.4 375.9 467.6 531.1 610.6 699.2 776.6 864.7 948.2 1022.5
001083.6 1129.9 1166.3 1231.7 1270.4 1304.1 1332.3 1372.5 1407.4 1423.1
001442.8 1460.7 1472.7 1484.7 1496.7 1527.1 1527.1 1527.1 1527.1 1527.1
001527.1 1527.1 1527.1 1527.1 1541.4 1533.2 1521.0 1502.6 1495.5 14M6.3
001472.7 1656.2 1467.3 1439.9 1433.9 1427.4 1420.4 1413.3 1375.4 1349.5
001332.3 1301.2 1270.5 1220.8 1213.5 1201.8 1172.2 1140.4 1116.0 1093.5
001073.0 1037.5 1002.1 973.8 948.2 918.7 86.4 861.1 M36.1 613.0
00 788.4 768.9 749.8 712.3 694.3 676.3 658.3 631.9 620.5 604.3
00 581.4 565.0 545.D 521.4 502.4 487.3 466.8 461.6 650.6 436.7
00 421.1 409.2 399.1 382.7 369.9 357.1 350.9 337.2 326.7 314.9
00 303.4 294.9 286.5 277.0 267.6 258.4 249.3 246.3 234.3 227.0
00 222.2 216.3 209.4 202.4 196.7 191.2 165.7 180.4 174.1 169.6
00 166.9 160.8 157.0 153.3 149.5 145.7 141.9 138.2 134.4 131.2
00 128.5 126.3 124.6 122.1 118.7 115.4 112.0 109.9 107.2 104.1
00 101.8 99.5 97.5 95.5 93.5 90.6 86.4 86.3 86.9 83.5
00 81.7 79.9 78.1 75.5 73.4 71.9 70.4 69.2 67.9 66.4
00 66.8 63.3 61.7 60.2 58.6 57.1 55.5 53.9 52.6 51.8
00 50.9 50.0 49.0 48.0 47.0 46.0 45.0 46.0 43.0 42.1
00 41.3 40.6 39.6 36.9 38.0 37.1 36.3 35.6 35.0 34.5
W0 36.0 33.6 33.1 32.6 32.1 31.7 31.5 31.2 31.0 30.8
00 30.6 30.3 30.1 29.7 29.2 28.7 28.3 27.8 27.5 27.3
CC 3-2
104 Routing from nodb 3 to node 2
RD
Rc .070 .037 .070 5743 .00293
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RX 4900 4931 4961 495 5000 5039 5070 5100
NY 240.0 236.0 234.0 223.0 220.0 234.0 2U6.0 240.0
UX SAl
18 Itunoff frm Sub-Area I
A 1.44
PR 1 2 51
Pu .375 .271 .354
La 0.6 .13 6.57 .1983
uW 1.28 0.843
I0 C21
0 Cmbine hydrraphs at nods 2
C 2
KX 2-1
0 Routing from nods 2 to node I
B
RC .070 .037 .070 5743 .00155
RX 4900 4931 4961 496 500O 5039 5070 5100
BY 240.0 236.0 234.0 223.0 220.0 234.0 236.0 240.0
K OAE1
0 Observed vs. Computed
IN 2 18OCT61 2119
GO 1.0 1.0 1.0 1.0 1.0 1.1 1.1 1.1 1.1 1.1
00 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.2
00 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
00 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.3 1.4 1.4
00 1.4 1.9 2.3 2.7 3.2 3.6 4.1 4.5 4.7 4.7
00 4.7 4.7 4.7 4.7 5.1 5.9 7.5 9.1 9.9 10.7
00 11.5 12.3 13.1 13.9 14.7 15.5 17.0 16.4 19.8 21.2
00 22.7 25.8 29.0 32.6 36.7 40.8 45.9 50.9 56.0 61.1
00 66.2 67.5 68.7 69.9 71.2 70.4 69.7 69.0 61.3 67.6
OD 66.9 66.2 66.2 66.2 70.0 73.7 67.8 101.9 139.1 176.4
00 225.4 274.5 354.9 435.3 477.6 519.9 577.7 638.9 693.4 747.9
00 607.3 866.7 906.4 946.0 995.9 1045.6 1013.7 1122.6 1154.4 1186.2
001210.6 1235.0 1259.8 1284.9 1301.8 1318.7 1334.7 1350.7 1364.4 1376.0
001387.6 1393.4 1399.3 1405.1 1405.1 1405.1 1402.8 1400.4 1396.1 1395.7
0O1393.4 1366.5 1379.5 1372.6 1365.6 1358.7 1341.6 1324.6 1307.6 1290.7
001273.7 1267.1 1300.7 1314.3 1327.9 1341.4 I126.4 1234.5 1182.7 1130.9
001061.1 1065.1 1049.0 1032.9 1016.8 1000.7 962.2 963.8 945.4 926.9
00 906.5 882.3 657.1 831.9 806.7 781.5 757.4 734.4 711.3 688.3
00 665.2 646.9 626.5 610.9 593.2 575.6 560.3 545.0 530.1 515.3
W0 500.8 487.5 474.2 460.9 148.1 435.3 424.7 414.1 403.4 393.1
S) 383.0 373.2 365.4 353.6 343.8 334.4 326.9 319.4 311.9 304.3
00 296.8 289.3 2M2.3 275.3 268.2 261.2 254.3 247.6 240.9 234.3
00 227.6 221.0 214.3 206.0 201.9 195.8 191.2 186.6 182.2 177.9
00 173.5 169.1 164.8 160.4 156.4 152.2 149.0 145.7 142.5 139.5
00 136.4 133.4 130.3 127.3 124.2 121.3 118.9 116.4 113.9 111.4
00 109.0 106.6 104.3 102.0 99.7 97.3 95.8 94.2 92.7 91.1
00 89.6 6.0 66.5 85,1 83.6 82.1 80.7 79.2 77.8 76.4
00 75.0 73.6 72.3 71.0 69.7 68.4 67.1 65.7 64.4 63.2
00 62.0 60.8 59.5 58.3 57.1 55.9 54.9 54.0 53.0 52.0
00 51.1 50.2 49.3 48.3 47.4 46.5 45.7 45.0 44.2 43.5
ZW AUDEC 30006WI CwFLOW F=CAL
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ID GOODWIN CIEK CamWTIRSiD
jo in NETNOD 6/22193 10:15 AN
IT 2 18OCT81 2119 300
I0
Ps 4
IN 1 18OCT81 2119
P1 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.020 0.020 0.020 0.020
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.022 0.022 0.022
PI 0.022 0.022 0.022 0.022 0.022 0.022 0.003 0.003 0.00 0.003
PI 0.003 0.003 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
PI 0.013 0.013 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043
PI 0.043 0.043 0.043 0.043 0.016 0.016 0.016 0.016 0.016 0.016
P1 0.016 0.016 0.000 0.000 0.000 0.000 0.000 0.019 0.019 0.019
P1 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.020
PI 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020
PI 0.020 0.020 0.020 0.049 0.049 0.049 0.049 0.049 0.04r
PI 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.03
PI 0.035 0.000 0.009 0.009 0.009 0.009 0.009 0.009 0.009 u.U09
P1 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.005 0.005
P1 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
PI 0.005 0.005 0.005 0.005 0.00S 0.005 0.005 0.005 0.005 0.005
P1 0.005 0.005 0.020 0.020 0.020 0.020 0.020 0.020 0.012 0.012
PI 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.050 0.004
PI 0.004
PG 5
IN I 18OCT81 2119
Pi 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.014 0.014 0.014 0.014 0.014 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.W01 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.004 0.004 0.004 0.004
PI 0.004 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025
PI 0.025 0.025 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
PI 0.013 0.013 0.013 0.013 0.013 0.030 0.030 0.030 0.030 0.030
P1 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.037 0.037 0.037
PI 0.037 0.037 0.037 0.037 0.000 0.000 0.000 0.000 0.000 0.010
PI 0.010 0.010 0.010 0.016 0.016 0.016 0.016 0.016 0.016 0.016
PI 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016
PI 0.016 0.016 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040
PI 0.040 0.062 0.062 0.062 0.062 0.062 0.029 0.029 0.029 0.029
P1 0.029 0.029 0.029 0.010 0.010 0.010 0.010 0.010 0.010 0.010
PI 0.000 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.007 0.007 0.007
Pi 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
P1 0.007 0.007 0.007 0.007 0.007 0.020 0.020 0.020 0.020 0.020
PI 0.020 0.020 0.012 0.012 0.012 0.012 0.012 0.012 0.025 0.025
PI 0.025 0.025 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003
PG 6
IN I 18OCT81 2119
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.008 0.006 0.006 0.00 0.006 0.006 0.006 0.006
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.027 0.027 0.027 0.027 0.027 0.027
PI 0.027 0.027 0.027 0.027 0.027 0.027 0.018 0.018 0.018 0.018
P1 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018
P1 0.018 0.070 0.015 0.015 0.015 0.015 0.015 0.015 0.039 0.039
P1 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.039 0.005 0.005
P! 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
PI 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031

Sample input for CSO Lumped Model
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PI 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031
PI 0.031 0.031 0.010 0.040 0.04.0 0.040 0.040 0.040 0.040 0.040
P11 0.0.0 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P! 0.000 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.010 0.010 0.010 0.010
PI 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020 0.020
P1 0.020 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.005
PG 7
IN 1 18OCT81 2119
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.014 0.014 0.014 O.P1& 0.014 0.014 0.014 0.000 0.000 0.000
PI 0.000 0.000 0.000 O.JO0 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P| 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.006 0.006 0.006 0.006 0.006 0.006
Pl 0.006 0.006 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
P1 0.008 0.008 0.00o 0.00o 0.00 0.008 .0.00 0.00 0.00m 0.008
Pl 0.006 0.008 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032
P1 0.032 0.01.6 0.01.6 0.016 0.046 0.046 0.01.6 0.016 0.003 0.003
PI 0.003 0.003 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016
PI 0.016 0.016 0.016 0.016 0.016 0.011 0.011 0.011 0.011 0.011
PI 0.011 0.011 0.025 0.025 0.025 0.025 0.042 0.01.2 0.042 0.0.2
P1 0.012 0.042 0.042 0.042 0.012 0.042 0.042 0.045 0.045 0.045
P1 0.0415 0.045 0.045 0.015 0.015 0.010 0.040 0.040 0.010 0.0410
PI 0.060 0.080 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
P1 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
PI 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.035 0.035 0.035
PI 0.035 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.000
P1 0.000
PG 8
IN i 186CT81 2119
P1 0.000 0.000 0.000 0.004 0.004 0.004 0.004 0.001 0.004 0.004
PI 0.004, 0.004 0.001. 0.001. 0.00. 0.00 0.004 0.004 0.001 0.007
P1 0.007 0.007 0.007 0.007 0.007 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
"Pl 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.027 0.027 0.027 0.027 0.027
PI 0.027 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018
Pi 0.018 0.018 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022
PI 0.022 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023
P1 0.023 0.023 0.04.0 0.040 0.040 0.010 0.040 0.040 0.040 0.010
P! 0.010 0.005 0.005 0.005 0.005 0.005 0.005 0.018 0.018 0.018
P1 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.017
P1 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017
P1 0.017 0.017 0.017 0.069 0.069 0.069 0.069 0.069 0.069 0.069
PR 0.069 0.069 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.025 0.025 0.020 0.020 0.005 0.005 0.005 0.005 0.005
PR 0.005 0.005 -0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
PI 0.023 0.023 0.023 0.023 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.017 0.017
P1 0.017
PG 10
IN I 186CT81 2119
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.020 0.020 0.020 0.020 0.020 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pi 0.000 0.000 0.000 0.000 0.031 0.031 0.031 0.031 0.031 0.031

Sample input for aCe Lumped Model - Continued
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P! 0.031 0.031 0.031 0.031 0.031 0.002 0.002 0.002 0.002 0.002
P1 0.035 0.035 0.035 0.035 0.010 0.010 0.010 0.010 0.010 0.010
P1 0.010 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033
Pi 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033
P1 0.004 0.004 0.004 0.004 0.004 0.020 0.020 0.020 0.020 0.020
PI 0.020 O.02 0.020 0.020 0.020 0.020 0.020 0.030 0.030 0.030
PI 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
PI 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
P! 0.030 0.030 0.030 0.016 0.016 0.016 0.016 0.016 0.016 0.016
PI 0.016 0.000 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
P1 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
Pi 0.006 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019
PI 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.050 0.050 0.003
P1 0.003
PG 11
IN I 18OCT81 2119
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O.OOO 0.000
PI 0.000 0.000 0.000 0.005 0.005 0.030 0.030 0.030 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Pi 0.001 0.001 0.001 0.001 0.001 0.017 0.017 0.017 0.050 0.050
PI 0.050 0.050 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.008
Pl 0.008 0.006 0.008 0.008 0.050 0.050 0.013 0.013 0.013 0.010
PI 0.010 0.010 0.025 0.025 0.025 0.025 0.025 0.025 0.064 0.064
PI 0.064 0.064 0.064 0.026 0.026 0.026 0.026 0.026 0.00? 0.007
P1 0.007 0.002 0.002 0.002 0.002 0.002 0.007 0.007 0.007 0.007
PI 0.007 0.007 0.042 0.042 0.042 0.042 0.042 0.011 0.011 0.011
PI 0.011 0.011 0.011 0.011 0.011 0.011 0.028 0.021 0.028 0.028
PI 0.028 0.045 0.045 0.045 0.045 0.060 0.080 0.037 0.037 0.037
P1 0.040 0.050 0.020 0.020 0.020 0.020 0.020 0.011 0.011 0.011
PI 0.011 0.011 0.011 0.011 0.006 0.006 o.m 0.006 0.0 0.006
P! 0.006 0.006 0.006 0.006 0.005 0.005 0.005 0.005 0.005 0.005
Pi 0.005 0.005 0.005 O.005 0.005 0.005 0.005 0.005 0.005 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.060 0.012
PI 0.012 0.012 0.012 0.012 0.012 0.009 0.009 0.009 0.009 0.009
P1 0.009
PG 13
IN I 18OCT81 2119
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pt 0.000 0.023 0.023 0.023 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.012 0.012 0.012 0.012 0.012 0.012
PI 0.012 0.012 0.012 0.012 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003 0.018 0.018 0.018 0.018 0.006 0.006 0.006 0.006 0.006
Pt 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
P1 0.034 0.034 0.034 0.034 0.034 0.034 0.034. 0.002 0.002 0.002
P1 0.002 0.002 0.015 0.015 0.018 0.018 0.018 0.018 0.018 0.018
P1 0.018 0.018 0.018 0.018 0.018 0.018 0.010 0.010 0.010 0.010
P1 0.010 0.010 0.010 0.010 0.041 0.041 0.041 0.041 0.041 0.041
PI 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041
PI 0.041 0.041 0.041 0.018 0.018 0.018 0.018 0.018 0.018 0.018
PI 0.018 0.020 0.020 0.007 0.007 0.00? 0.007 0.00? 0.007 0.007
P1 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.006 0.006 0.006
P1 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.013 0.013 0.013 0.013 0.013
PI 0.013 0.013 0.013 0.0'3 0.013 0.013 0.011 0.011 0.011 0.011
P1 0.011 0.011 0.011 0.0,1 0.011 0.004 0.004 0.004 0.004 0.004
PI 0.004
PG 14
IN 1 18CT81 2119

Sample input for SCO Lumped Model - Continued
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P! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.020 0.020 0.020 0.020 0.020 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P! 0.000 0.000 0.000 0.000 0.000 0.000 O.OOO 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P! 0.000 0.000 0.000 0.000 0.000 0.000 0.033 0.033 0.033 0.013
P1 0.013 0.013 0.013 0.013 0.013 0.001 O.001 0.001 0.001 O.001
P 0.001 0.001 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
PI 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036
PI 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.003 0.003
P! 0.003 0.003 0.003 0.003 0.008 0.008 0.006 0.008 0.008 0.008
Pl 0.028 0.028 0.028 0.028 0.028 0.028 0.032 0.032 0.032 0.032
PI 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032
PI 0.032 0.032 0.032 0.032 0.032 0.037 0.037 0.037 0.037 0.037
PI 0.037 0.037 0.037 0.037 0.014 0.014 0.014 0.014 0.014 0.014
PI 0.014 0.010 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.009 0.009 O.005 0.005 0.005 0.005
PI 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.013 0.013 0.013
P! 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
P1 0.013 0.013 0.013 0.013 0.013 0.003 0.003 0.003 0.003 0.003
PI 0.003
PI 0.171
PG 50
IN 1 18OCT01 2119
PI 0.000 0.004 0.004 0.004 0.004 0.004 0.004 0.040 0.040 0.001
Pi 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI O.001 0.001 O.O01 O.O01 O.O01 0.001 O.O01 O.O01 O.O01 O.O01
PI O.O01 O.O01 0.401 O.O01 O.001 0.001 O.O01 0.001 O.O01 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.020 0.020 0.020
PI 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.003 0.003 0.003
PI 0.003 0.003 0.003 0.003 0.020 0.020 0.020 0.020 0.027 0.027
PI 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027
PI 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027 0.027
PI 0.027 0.027 0.027 0.027 0.000 0.000 0.000 0.025 0.025 0.015
P! 0.015 0.015 .0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
PI 0.015 0.015 0.015 0.015 0.024 0.024 0.024 0.024 0.024 0.024
PI 0.024 0.024 0.024 0.024 0.051 0.051 0.051 0.051 0.051 0.051
PI 0.051 0.051 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.013
PI 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
PI 0.060 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.002 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.017 0.017 0.017 0,017 0.017 0.017 0.017
PI 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020
PI 0.020 0.020 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.005
PG 51
IN 1 18OCT61 2119
P1 0.000 o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo 0.000 0.000 0.000
PI 0.000 0.000 0.016 0.016 0.018 0.018 0.006 0.006 0.006 0.006
PI o.006 o.ooo 0.000 o.ooo o.ooo 0 0.00 o.o0o 0.000 o.ooo 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.m00 0.000 0.000 0.000
P1 0.000 0.000 0.m00 o.m00 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.017 0.017
P1 0.006 0.008 0.008 0.008 0.008 0.006 O. .2 u. .2 o.002 o.oo2
PI o.oo2 o.0o2 0.030 0.030 o.oo7 o.oo7 o.0o7 0.011 0.011 0.011
PI 0.011 0.011 0.011 0.011 0.036 0.036 0.036 O.(06 0.036 0.036
PI 0.036 0.057 0.057 0.057 0.035 0.035 0.033 0.0?3 0.033 0.003
P1 0.003 0.003 0.003 0.003 0.003 0.003 0.040 0.005 0.005 0.005
P! 0.005 0.024 0.024 0.024 0.024 0.024 0.023 0.023 0.023 0.010
Pi 0.010 0.010 0.010 0.010 0.010 0.026 0.028 0.028 0.028 0.028
PI 0.033 0.033 0.033 0.033 0.033 0.033 0.103 0.103 0.103 0.033
PI 0.033 0.033 0.033 0.030 0.030 0.030 0.030 0.030 0.030 0.030
P1 0.m00 O.000 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.015
PI 0.015 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
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PI 0.006 0.006 0.006 0.006 0.006 0.006 0.OO6 0.OO6 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.0O6 0.0O6 0.006
PI 0.006 0.010 0.010 0.010 0.025 0.0a 0.0 0.00 .006 0.008
P0 0.00 0.00 0.023 0.023 0.023 0.003 0.003 0.003 0.003 0.003
PI 0.003

Ns 52
In 1 11O€1il 2119
PI 0.000 0.000 0.000 O.OOO 0.000 O.OOO 0.00 O.ooo O.00 O.OOO
PI 0.017 0.017 0.017 0.017 0.017 0.017 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.000 0.016 0.016 0.016 0.016
P1 0.016 0.013 0.013 0.013 0.00 0.0O 0.0W4 0.004 0.00 0.004
Pl 0.00W 0.005 0.005 0.005 0.005 0.015 0.013 0O01 0.015 0O0S
P1 0.015 0.015 0.015 0.048 0.048 O.0r8 0.048 0.048 0.048 0.048
PI 0.048 0.020 0.020 0.020 0.00 0.020 0.020 0.020 0.020 0.020
PI 0.000 0.000 0.000 0.017 0.017 0.017 0.003 0.003 0.003 0.003
PI 0.032 0.032 0.032 0.032 0.032 0.032 0.009 0.009 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.025 0.025 0.025 0.025 0.025 0.025
PI 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054 0.054
PI 0.054 0.035 0.035 0.035 0.035 0.017 0.017 0.017 0.017 0.017
PI 0.017 0.000 0.012 0.012 0.012 0.012 0.012 0.012 0.006 0.006
P1 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.006 0.006 Z.006 0.006 0.006 0.006
Pt 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.011
P1 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.010
PI 0.010 0.020 0.020 0.020 0.020 0.002 0.002 0.002 0.002 0.002
PI 0.002
PG 53
IN I 1WOIT81 2119
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PI 0.000 0.000 0.000 0.000 0.000 0.007 0.007 0.007 0.007 0.007
PI 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.01% 0.014 0.014 0.014 0.014 0.014 0.014 0.003 0.003
P1 0.003 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.018' 0.018
PI 0.018 0.018 0.018 0.018 0.027 0.02? 0.027 0.027 0.027 0.027
PI 0.027 0.045 0.045 0.033 0.033 0.033 0.033 0.035 0.035 0.035
PI 0.035 0.002 0.002 0.002 0.002 0.002 0.002 0.010 0.010 0.010
P! 0.003 0.003 0.003 0.012 0.012 0.012 0.012 0.012 0.120 0.011
P1 0.011 0.011 0.011 0.011 0.011 0.011 0.017 0.017 0.017 0.017
Pt 0.017 0.017 0.050 0.050 0.010 0.010 0.067 0.067 0.067 0.050
PI 0.050 0.050 0.050 0.033 0.033 0.03 0.023 0.023 0.023 0.0
Pi 0.025 0.007 0.007 0.007 0.007 0.007 0.007 O.00? 0.00? 0.007
PI 0.007 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
PI 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
P1 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.0 0.0 OW 0.06 0.006 0.006 0OW 0.006 0.02 0.020 0.020
PI 0.005 O.OOS O.OOS 0.005 0.005 0.005 0.018 0.018 0.018 0.018
PI 0.003
NC 54
IN 1 16OCT31 2119
P1 0.000 0.000 0.016 0.016 0.016 0.016 0.016 0.016 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Pi 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.053 0.053
PI 0.053 0.014 0.014 0.014 0.014 0.014 0.014 0.014 0.006 0.006
PI 0.006 0.06 0.006 0.027 0.027 0.027 0.026 0.0268 o.0 0.026
PI 0.028 0.028 0.028 0.026 0.023 0.02B 0.026 0.028 0.028 0.026
P1 0.026 0.026 0.030 0.030 0.030 0.030 0.030 0.030 0.007 0.007
Pt 0.007 0.00?7 o.07 0.007 0.007 0.012 0.012 0.012 0.012 0.012
PI 0.012 0.018 0.018 0.018 0.018 0.016 0.018 0.016 0.016 0.016
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PI 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016
PI 0.016 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.035

PI 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.011 0.011 0.011
P1 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
PI 0.011 0.000 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 -06 0.006 0.006 0.006 0.006 0.006 0.006 0.006
P1 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.06
PI 0.026 0.026 0.026 0.026 0.007 0.007 0.007 0.007 0.007 0.007
PI 0.007 0.007 0.007 0.007 0.015 0.015 0.015 0.015 0.002 0.002
PI 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002
PG 55
IN 1 18OCT81 2119
P! 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.020 0.020 0.020 0.020 0.020 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P! 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Pl 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
PI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.024 0.024 0.024
PI 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024
P1 0.003 0.003 0.003 0.003 0.032 0.032 0.032 0.032 0.032 0.007
PI 0.007 0.007 0.024 0.024 0.024 0.024 0.021 0.024 0.024 0.024
PI 0.024 0.024 0.024 0.024 0.024 0.024 0.036 0.036 0.036 0.036
PI 0.036 0.036 0.036 0.036 0.004 0.004 0.004 0.004 0.004 0.004
PI 0.004 0.015 0.015 0.005 0.005 0.021 0.021 0.021 0.021 0.021
PI 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021
PI 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021
PI 0.021 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.090 0.090
PI 0.090 0.000 0.040 0.040 0.040 0.040 0.040 0.040 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.007 0.007 0.007
P1 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
PI 0.007 0.007 0.007 0.007 0.007 0.009 0.009 0.009 0.009 0.009
P! 0.009 0.009 0.009 0.009 0.002 0.002 0.002 0.002 0.002 0.001
PR 0.001
1O SA14
fli Runoff for Sub-Area 14
RA 0.14
PR 11
PW I
LG 1.20 .13 6.57 .1963
w 0.51
IK 18-17
IN Routing from node 18 to node 17
RD
IC .08 .04 .08 2075 .00410
UX 4949 4950 4975 4996 5004 5025 5030 5050
NY 343.0 342.0 337.0 327.0 327.0 337.0 342.0 342.0
I0 SA13
BA 0.31
PR 8 11
PW .299 .701
LG 1.20 .13 6.57 .1903
UD 0.99
iK C171
KM Comine Hydrograps at node 17
NC 2
KK 17-15
IN Routing from node 17 to node 15

RD
mc .08 .04 .08 2075 .00386
tX 4949 4950 4975 4996 5004 5025 5030 5050

RY 343.0 342.0 337.0 327.0 327.0 337.0 342.0 342.0
KK SAI1
KM Runoff for Sub-Area 11
"SA 0.17
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Pm 10 11
PuV .262 .737

Le 1.1 .13 6.57 .1W

If 16-.15

a ISalgI frm no" 16 to nfda 15
0
mK .M .04 .- aM .m0o0
a 4w9 4950 49M5 49n "a0 is 50 5M50
I0 343.0 342.0 37.0 327.0 327.0 37.0 342.0 342.0
a "12
* Unell for WbO-Ares 12
U6 0.07
M 6
Pu I
LI 1.20 .13 6.57 .tIM
US 0.56
a 0151

a Combine NY&ow at nods 15
VC 3

* Cmwrvsd vs. Cmputed
in 2 182CTa1 2119
so 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
so 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
so 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
s0 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1
so 0.1 0.1 0.1 0.1 0.3 1.8 6.2 12.7 20.3 27.7
ao 3.1 38.5 43.8 48.2 53.4 59.0 65.0 7z.0 79.5 84.7
0s 92.6 100.4 106.5 120.4 132.7 148.3 143.7 178.4 192.5 205.7
40 216.3 Mf.8 23.5 245.1 251.7 255.1 260.2 259.1 25g.1 257.1
0 256.1 255.1 250.0 W.0 236.8 230.4 221.7 214.8 205.7 199.7

40 191.0 123.9 177.0 170.2 164.9 15B.4 153.9 148.3 143.4 139.6
0O 135.0 132.7 1292. 127.7 126.2 124.7 121.4 119.2 117.0 114.9
05 112.7 110.6 106.5 105.4 103.4 100.4 16.5 95.7 92.9 90.1
0O 87.4 64.3 81.6 79.5 77.0 74.1 71.6 69.3 66.9 64.6

GO 62.7 60.5 57.6 54.1 52.8 51.1 49.2 47.3 45.4 43.5
05 41.7 40.0 36.5 37.4 36.0 34.4 32.8 31.6 30.3 28.9
so 27.4 26.3 24.9 23.6 22.6 21.9 20.9 19.9 19.0 15.2
40 17.7 17.0 16.5 15.9 15.2 14.6 14.1 13.6 13.0 12.6
so 12.1 11.5 11.1 10.8 10.5 10.2 9.8 9.5 9.2 9.0
05 8.7 8.4 8.1 7.6 7.6 7.4 7.1 6.9 6.7 6.5
05 6.3 6.2 6.1 5.9 5.6 5.6 5.5 5.3 5.2 5.1
05 5.0 4.8 4.7 4.5 4.4 4.3 4.2 4.1 4.0 3.9
00 3.8 3.8 3.7 3.6 3.5 3.3 3.2 3.1 3.1 3.0
so 2.9 2.9 2.8 2.7 2.7 2.6 2.6 2.5 2.5 2.4
00 2.4 2.3 2.3 2.2 2.2 2.1 2.1 2.1 2.0 2.0
w0 2.0 1.9 1.9 1.9 1.8 1.8 1.8 1.7 1.7 1.7
05 1.6 1.6 1.5 1.5 1.5 1.4 1.4 1.4 1.4 1.3
40 1.3 1.3 1.3 1.3 1.2 1.2 1.2 1.2 1.2 1.2
0l 1.1 1.1 11.1 1.1 1.1 1.1 1.0 1.0 1.0 1.0

I* 15-14
* Routing from nubk 15 to nodb 14

Ic .M .04 .06 300 .00513
IX 44S 49%8 4954 48 5031 5046 5096 5148
ir 33B.5 336.5 337.0 329.0 320.5 335.0 336.5 336.5
1*[M9

* buoff for Sub-Arun 9
SA 0.66
PR 5 55 10 8
Pu .258 .242 .123 .377
LU 1.23 .13 6.57 .19A3
13 1.47
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10 C141
0 C1InS Ildrngraph& at nods 14
KC 2
a 14-12

SReotaing froe nods 14 to nods 12

Rc .08 .04 .09 3O8 .0ui42
ax 4W46 4946 4954 4963 501 5046 S00 514"
IT 3W8.5 336.5 337.0 329.0 320.5 335.0 336.5 336.5
U 6IO
IN Runoff for Sub-Arn 10
U 0.15
Pm 10 11
PU .909 .051
Le 1.20 .13 6.57 .IM
UP 0.57
IX 13-12
* touting from nods 13 to noda 12
D

KC .100 .040 .100 5500 .00791
IX 20 70 120 127 1"4 160 220 270
ft 331.0 329.2 321.5 319.6 314.0 329.5 329.6 330.5
1K Cl21
IN Coobine hydrographs at nods 12
K 2
1ewmS
I Observed vs. COmputed
IN 2 1OCT81 2119
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
go 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0O 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 3.9
00 12.3 15.6 18.5 21.4 25.4 32.9 42.5 50.8 57.1 61.6
00 64.8 6.8 71.3 75.5 60.8 0.3 95.9 106.4 122.7 136.9
00 156.1 176.9 196.7 220.1 244.6 270.6 292.7 313.3 337.0 357.6
00 380.9 400.7 425.5 446.9 473.0 495.4 513.1 527.3 539.0 547.0

O0 554.9 560.3 559.5 558.6 557.6 557.0 556.1 555.3 550.9 544.3
00 537.7 526.5 520.6 515.6 506.0 500.5 492.9 45.3 475.5 465.8
00 456.1 448.9 436.3 429.0 421.0 409.7 400.9 392.1 363.3 374.5
00 363.9 355.5 34B.2 340.1 331.1 323.2 315.4 307.5 296.1 290.7
00 2M.3 276.0 267.0 256.3 251.4 242.9 234.7 22.1 220.1 213.8
00 204.6 196.6 191.2 185.4 176.3 172.6 167.2 160.5 152.7 147.6
00 141.4 136.6 131.9 127.1 122.4 116.8 112.6 106.4 104.2 100.0
00 95.9 92.0 89.1 05.4 82.6 79.9 76.4 74.7 72.1 M.2
00 66.8 64.8 62.6 60.5 58.3 56.4 54.6 52.8 51.1 49.3
00 47.7 45.7 "4.1 42.5 41.0 39.5 37.7 36.2 35.1 34.0
00 32.6 31.3 30.0 21.8 27.8 27.1 26.1 24.9 24.0 23.1
00 22.5 21.8 21.0 20.1 19.6 19.1 18.5 17.8 17.2 16.7
00 16.3 15.9 15.6 15.2 14.9 14.6 14.2 13.9 13.7 13.4
00 13.2 13.0 12.8 12.5 12.3 12.1 11.9 11.8 11.5 11.2
00 10.9 10.7 10.5 10.4 10.2 10.0 9.8 9.5 9.3 9.2
g0 9.0 8.9 8.7 8.6 8.4 8.2 8.1 6.0 7.6 7.7
00 7.5 7.4 7.3 7.1 7.0 6.9 6.6 6.6 6.5 6.3
00 6.2 6.1 6.0 5.9 5.8 5.7 5.7 5.6 S.5 5.4
00 5.3 5.2 5.1 5.0 5.0 4.9 4.8 4.8 4.7 4.7
00 4.6 4.6 4.5 4.4 4.4 4.3 4.2 4.1 4.0 3.9
1Z 12-10
0 Routing fros nods 12 to node 10
RD
RC .070 .036 .070 3500 .00443
IX 20 120 126 139 165 172 206 248
my 279.6 280.5 276.0 26M.0 270.5 274.0 260.5 280.2
i( mAe
0 Runoff from Sub-Arm 8
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IA 0.46
Pi t 5 6PN .702 .072 .22

Le 1.20 .13 6.57 .1A
UD 1.05

aK 11-10
W Routing frem nods 11 to node 10
0
itc .07 .03B .07 =0 .00542
aX 20 120 in6 139 1w 172 206 268
IB 279.8 260.5 276.0 268.0 270.5 274.0 260.5 2M0.2

a WRwtff fre Siub-Anm 6
BA 1.29
Pm 6 4 54 7 55 5
PN .601 .090 .121 .012 .061 .10A
LO 1.20 .13 6.57 .1M
o 1.34

UK C1OI
10 Comine N*ogrrpho at node 10
Oc 3
K1 10-7
ION touting from node 10 to nods 7

RC .7O0 .036 .070 3650 .00315
RX 20 120 126 139 165 172 ZOS 248
tY 219.8 6 20.5 276.0 265.0 270.5 274.0 290.5 280.2

i Own off fram SUb-Are@ 7
IA 0.63
PR 53 7 55 10
PU .010 .574 .321 .095
LS 1.20 .13 6.57 .1M3
UD 0.93
UK 9-8
KN Routing from nadf.9 to node 8

IC .00 .035 .060 2800 .00482
RX 4876 4926 4979 4996 S003 5621 5051 5126
RY 301.4 301.3 301.5 291.0 291.3 300.5 2f9.7 299.6
KK SAS
*N Runoff from Sub-Ares 5

BA 0.78
PR 4 50 53 7 S4
Pu .051 .220 .146 .375 .20J
La 1.20 .13 6.57 .1983
UD 0.89
KK COI
IN Combine Nydrgraphs at node 8
MC 2
1K 8-7
iN Routing frm nods 8 to nads 7
AD
NC .060 .035 .00 280 .00482
IX 4676 4926 4979 4996 5003 5021 5051 5126
RY 301.4 301.3 301.5 291.0 291.3 300.5 2f9.7 299.6
UK GlAE
IN Observed vs. Coputed
IN 2 180CT81 2119
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Go 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Go 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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GO 0.0 0.0 0.0 0.0 5.6 11.3 15.1 20.9 35.6 53.5
10 66.5 77.6 90.2 102.9 115.7 126.8 142.9 158.2 171.9 163.8
4O 201.6 225.9 245.2 259.8 273.4 286.1 296.2 309.6 319.2 327.2
sO 335.1 340.7 343.9 347.2 347.2 347.2 347.2 346.5 345.2 343.8
00 339.2 331.3 323.4 315.5 307.7 303.0 301.5 300.0 295.4 296.9

GO 294.0 289.7 265.3 280.9 276.6 272.2 267.9 263.5 258.1 252.7
00 247.3 242.5 238.4 232.8 225.8 218.9 211.9 204.9 197.9 190.9
IO 184.0 177.3 170.6 163.9 157.2 150.5 143.8 138.6 133.3 128.1

00 122.8 117.8 113.2 106.5 103.9 99.2 95.2 91.8 U8.3 84.9
0O 61.5 76.1 74.7 71.3 68.6 66.3 63.9 61.4 58.9 56.5
o0 54.0 51.5 49.1 46.6 44.4 42.6 40.8 39.0 37.2 35.6
sO 34.5 33.3 32.1 30.9 29.9 29.1 26.4 27.6 26.9 26.1
sO 25.3 24.6 23.8 23.1 22.5 22.1 21.7 21.3 20.9 20.5
so 20.1 19.7 19.3 18.9 18.5 18.1 17.7 17.3 16.9 16.5
00 16.1 15.7 15.3 14.9 14.5 14.1 13.7 13.5 13.2 12.9
00 12.6 12.4 12.1 11.8 11.5 11.3 11.0 10.7 10.4 10.2
00 9.9 9.6 9.3 9.1 8.8 8.5 8.3 8.1 7.9 7.7
sO 7.5 7.3 7.1 7.0 6.8 6.6 6.4 6.2 6.0 5.8
s0 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.8 4.7
00 4.6 4.5 4.4 4.3 4.2 4.2 4.1 4.1 4.0 4.0
00 3.9 3.9 3.8 3.8 3.7 3.7 3.7 3.6 3.6 3.6
s0 3.6 3.5 3.5 3.5 3.5 3.4 3.4 3.4 3.3 3.3
sO 3.3 3.3 3.2 3.2 3.2 3.2 3.1 3.1 3.1 3.0
IM C71
IM Cominw Nydrographs at nods 7
Kc 2

I Observed vs. Computed
IN 2 18OCT81 2119
0O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8
00 7.2 6.7 9.5 10.3 12.1 14.5 16.6 20.7 25.4 37.2
00 60.9 92.9 145.8 199.3 253.4 302.2 349.7 394.5 435.3 485.8
00 527.7 567.5 617.4 669.7 743.2 781.8 841.1 861.6 896.0 866.7
s0 956.9 995.5 94.4 956.9 984.4 1012.2 1005.6 973.4 968.5 1050.6
001042.2 1033.9 1025.5 956.9 946.1 935.2 913.9 935.2 978.9 946.1
s0 929.9 908.6 841.1 826.0 806.1 7M5.1 772.6 760.2 747.7 735.3
00 725.6 718.6 705.9 692.2 678.6 660.8 638.9 621.8 604.7 592.3
00 579.9 567.5 547.4 533.5 516.0 502.7 485.8 474.7 458.4 447.7
00 435.3 424.9 414.6 401.3 366.0 376.5 366.5 362.2 354.4 340.5
G0 331.7 322.9 314.1 305.3 296.6 265.4 277.2 266.5 261.2 250.9
s0 244.5 235.8 228.4 218.9 210.7 203.9 197.0 189.2 184.9 177.4
00 168.1 164.0 158.1 152.2 144.6 140.8 135.4 131.8 124.8 121.4
00 118.0 113.1 108.2 105.0 100.4 97.3 92.9 90.0 8.1 85.8
00 83.0 80.3 78.5 76.3 73.8 71.2 69.0 67.1 65.4 63.9
00 62.3 58.1 56.6 55.2 53.7 51.6 50.0 49.0 47.5 45.5
00 44.2 43.0 41.7 40.3 38.9 36.1 37.2 35.9 34.6 33.8
00 33.0 31.9 31.0 30.2 29.4 28.7 28.0 27.4 26.8 26.0
00 25.1 24.5 24.1 23.7 23.3 22.5 21.8 21.2 20.6 20.5
00 20.1 19.6 19.1 18.8 18.5 18.2 17.9 17.6 17.3 17.0
00 16.8 16.4 16.1 15.6 15.5 15.2 14.9 14.6 14.4 14.1
00 13.9 13.7 13.6 13.4 13.2 13.1 12.9 12., 12.6 12.4
00 12.2 12.0 11.7 11.3 11.1 11.0 10.9 10.8 10.7 10.6
00 10.5 10.4 10.3 10.2 10.0 9.9 9.7 9.5 9.4 9.2
im 7-5
IM Routing from node 7 to nods 5
NO
IC .07 .038 .07 4070 .00381
tX 4856 4960 4972 49686 5014 5022 5040 5156
RY 262.5 264.0 257.5 252.5 253.3 256.5 264.8 263.7
XK SM

Sample input for 8C8 Lumped Model - Continued
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SRtunoff for Sub-Aree 4
MA 0.60
Pit 52 53 5o 14
Pu .458 .345 .035 .162
LO 0.6 .13 6.57 .1A13
uo 0.00
IX 6-5
*I RoMuing from nods 6 to node 5
0
tc .07 .038 .07 3400 .00750
ax 4856 4960 4972 4"6 5014 5022 5040 5156
IT 262.5 264.0 257.5 252.5 253.3 256.5 264.8 263.7
PIN 1 10
IN I 18OCT81 2119
PI 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.002 0.0 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.002 0.002 0.002 0.002 0.00 0.002 0.002 0.002 0.002
Pi 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
PI 0.002 0.002 0.002 0.002 0.002 0.00 0.002 0.002 0.002 0.002
PI 0.002 0.002 0.002 0.002 0.005 0.005 0.005 0.005 0.001 0.001
P1 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
P1 0.001 0.001 0.001 0.006 0.006 0.006 0.006 0.006 0.006 0.006
PI 0.006 0.006 0.006 0.006 0.039 0.039 0.039 0.09 0.039 0.039
PI 0.039 0.039 0.034 0.054 0.034 0.034 0.034 0.034 0.034 0.031
Pi 0.000 0.000 0.000 0.018 0.018 0.018 0.016 0.007 0.007 0.007
PR 0.010 0.010 0.010 0.028 0.=2 o.mS 0.026 0.028 0.008 0.001
PI 0.008 0.001 0.008 0.022 0.022 0.022 0.022 0.022 0.022 0.051
PR 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051
PI 0.051 0.051 0.051 0.051 0.047 0.047 0.047 0.015 0.015 0.015
PI 0.015 0.000 0.000 0.007 0.007 0.007 0.007 0.007 0.007 0.007
PI 0.007 0.00? 0.007 0.007 0.007 0.007 0.007 0.007 0.005 0.005
PI 0.005 0.005 0.005 0.005 0.005 0.005 0.012 0.012 0.012 0.012
PI 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.011
PI 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
PR 0.050 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
PI 0.004
PG 2 11
IN I 18OCT81 2119
P1 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PR 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003 0.003 0.003 0.00 0.003 0.003 0.00 0.003 0.003 0.003
PI 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
PI 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
P1 0.003 0.003 0.003 0.003 0.027 0.027 0.027 0.004 0.004 0.004
PI 0.004 0.004 0.027 0.027 0.027 0.027 0.027 0.027 0.034 0.034
PI 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
PI 0.034 0.034 0.000 0.000 0.000 0.006 0.001 0.008 0.008 0.008
PI 0.008 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021 0.021
PI 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022 0.022
PI 0.022 0.022 0.022 0.022 0.054 0.054 0.054 0.054 0.054 0.054
P1 0.054 0.054 0.054 0.033 0.033 0.033 0.033 0.033 0.033 0.033
PI 0.033 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013
P! 0.013 0.000 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
Pi 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
PI 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
Pi 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
P1 0.009 0.009 0.009 0.009 0.009 0.009 0.004 0.004 0.004 0.004
P1 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
PI 0.004
KK X3
10 Runoff from Sub-Ares 3
BA 0.90
PR 2 13 14 50 4 6
Pu .3W .21 .16 .071 .114 .018
LO 0.6 .13 6.57 .1A

Sample input for 8C8 Lumped Model - Continued

D173



U1 0.97

W CombIne Ndrorm at node 5
Nc 3
*K 5.3
* Routing from nods 5 to node 3
20

ac .07 .038 .07 414 .00193
B 4M56 4960 4972 4966 5014 5022 50M 0 5156
IV U6.5 M.0 257.5 252.5 253.3 256.5 2.5 263.7

* Ronoff from Sub-Ann 2
IA 0.40
11 51 52 14 13 2
PW .415 .2M6 .048 .157 .022
LS 0.6 .13 6.57 .1A3
LD 1.11

K 4.-3
0 Routing frem node 4 to node 3
0
t¢ .07 .035 .07 6365 .00750
R0 4356 4960 4972 496* 5014 50 5040 5156
tY 262.5 266.0 257.5 252.5 253.3 256.5 U66.3 263.7
U €i
* Combne hydrogrephs at node 3
K 2

N Obserwd vs. computod
IN 2 18OCT81 2119
00 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
00 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
00 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
00 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
00 0.7 0.7 0.7 0.7 0.7 u.7 0.7 0.7 0.7 0.8
00 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 4.3 4.6 6.1
00 8.9 13.2 18.1 22.4 26.5 30.2 34.2 40.3 45.2 51.2
00 53.7 W9.3 81.3 95.1 112.2 129.1 147.4 165.0 190.3 232.1
00 299.4 375.9 447.6 531.1 610.6 699.2 773.6 834.7 948.2 1022.5
001083.6 1129.9 1181.3 1231.7 1270.4 1304.1 1332.3 1372.5 1407.4 1423.1
001442.8 1460.7 1472.7 1484.7 1496.7 1527.1 1527.1 1S27.1 1527.1 1527.1
Q01527.1 1527.1 1527.1 1527.1 1541.4 1533.2 1521.0 1502.3 1495.5 1486.3
001472.7 1456.2 1447.3 1439.9 1433.9 1427.4 1420.4 1413.3 1375.4 1369.5
001332.3 1301.2 1270.5 1220.8 1213.5 1201.8 1172.2 1140.4 1116.0 1093.5
001073.0 1637.5 10Q2.1 973.8 948.2 918.7 884.4 611.1 631 813.0
00 7M8.4 768.9 749.8 712.3 694.3 676.3 658.3 631.9 620.5 604.3
00 581.4 545.0 545.0 521.4 502.4 487.3 404.8 461.6 450.8 436.7
00 421.1 409.2 399.1 382.7 369.9 357.1 350.9 337.2 326.7 314.9
00 303.4 294.9 286.5 277.0 267.6 258.4 249.3 244.3 234.3 227.0
00 222.2 216.3 209.4 202.6 196.7 191.2 185.7 180.4 174.1 169.6
00 146.9 160.8 157.0 153.3 149.5 145.7 141.9 138.2 134.4 131.2
GO 128.5 126.3 124.6 122.1 118.7 115.4 112.0 109.9 107.2 104.1
00 101.8 99.5 .97.5 95.5 93.5 90.6 36.4 86.3 34.9 83.5
O0 81.7 79.9 70.1 75.5 73.4 71.9 7P.4 69.2 67.9 46.4
00 66.8 63.3 61.7 60.2 56.6 57.1 55.5 53.9 52.6 51.8
00 50.9 50.0 49.0 48.0 47.0 46.0 45.0 44.0 43.0 42.1
00 41.3 40.6 39.8 38.9 38.0 37.1 36.3 35.6 35.0 34.5
00 34.0 33.6 33.1 32.6 32.1 31.7 31.5 31.2 31.0 30.8
00 30.6 30.3 30.1 29.7 29.2 26.7 26.3 27.8 27.5 27.3
KK 3-2
*N Routing from node 3 to nods 2
1
IC .070 .037 .070 5743 .00293
RX 4900 4931 4961 498 500 503 5070 5100
RY 240.0 236.0 234.0 223.0 220.0 234.0 236.0 240.0
I0 SA1

Sample input for 8CE Lumped Model - Continued
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*N Runoff fraw sub-Ares 1
BA I."•
Pm 1 2 51
Pu .375 .271 .354
LO 0.6 .13 6.57 .1963
UD 1.2C
KK C21
I Cmbif n hydographs at node 2

mc 2
U 2-1
I Routing from node 2 to node 1
U
ac .070 .037 .070 5743 .00155
mX 4900 4931 4961 4965 5000 5039 5070 5100
NY 240.0 236.0 234.0 223.0 220.0 234.0 236.0 240.0

10 Obwvrsd vs. Cmputed
IN 2 18OCT81 2119€4O 1.0 1.0 1.0 1.0 1.0 1.1 1.1 1.1 1.1 1.1
00 1.1 1.A 1.1 1.1 1.1 1.1 1.1 M. 1.1 1.2

00 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
00 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.3 1.4 1.4
00 1.4 1.9 2.3 2.7 3.2 3.6 4.1 4.5 4.7 4.7
00 4.7 4.7 4.7 4.7 5.1 5.9 7.5 9.1 9.9 10.7
00 11.5 12.3 13.1 13.9 14.7 15.5 17.0 18.4 19.8 21.2
00 22.7 25.8 29.0 32.6 36.7 40.8 45.9 50.9 56.0 61.1
00 66.2 67.5 68.7 69.9 71.2 70.4 69.7 69.0 68.3 67.6
00 66.9 66.2 66.2 66.2 70.0 73.7 87.8 101.9 139.1 176.4
00 225.4 274.5 354.9 435.3 477.6 519.9 577.7 638.9 693.4 747.9
00 807.3 866.7 906.4 946.0 995.8 1045.6 1095.7 1122.6 1154.4 1186.2
001210.6 1235.0 1259.8 1284.9 1301.8 1318.7 1334.7 1350.7 1364.4 1376.0
001387.6 1393.4 1399.3 1405.1 1405.1 1405.1 1402.8 1400.4 1396.1 1395.7
001393.4 1386.5 1379.5 1372.6 1365.6 1358.7 1341.6 1324.6 1307.6 1290.7
001273.7 1287.1 1300.7 1314.3 1327.9 1341.4 1287.4 1234.5 1182.7 1130.9
001081.1 1065.1 1049.0 1032.9 1016.8 1000.7 962.2 963.8 945.4 926.9
00 908.5 882.3 857.1 831.9 806.7 781.5 757.4 734.4 711.3 68B.3
00 665.2 646.9 628.5 610.9 593.2 575.6 560.3 545.0 530.1 515.3
00 500.8 487.5 474.2 460.9 4481.1 435.3 424.7 414.1 403.4 393.1
00 383.0 373.2 363.4 353.6 343.8 334.4 326.9 319.4 311.9 304.3
00 296.8 289.3 282.3 275.3 268.2 261.2 254.3 247.6 240.9 234.3
00 227.6 221.0 214.3 208.0 201.9 195.8 191.2 186.6 182.2 177.9
00 173.5 169.1 164.8 160.4 156.4 152.2 149.0 145.7 142.5 139.5
00 136.4 133.4 130.3 127.3 124.2 121.3 118.9 116.4 113.9 111.4
00 109.0 106.6 104.3 102.0 99.7 97.3 9S.5 94.2 92.7 91.1
00 89.6 88.0 86.5 85.1 83.6 82.1 80.7 79.2 77.8 76.4
00 75.0 73.6 72.3 71.0 69.7 68.4 67.1 65.7 64.4 63.2
00 62.0 60.8 59.5 58.3 57.1 55.9 54.9 54.0 53.0 52.0
00 51.1 50.2 49.3 48.3 47.4 46.5 45.7 45.0 "4.2 43.5
ZW AsDEC BSOODWIN C"FLOW FCAL
z2

Sample input for SCS Lumped Model - Continued
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47 75 126.83 3 0.
5. 5760 2532 12 12
44 3 0.01 1500. 23.63 6.05 0.037
1 3
19 16
1
1
17 12 <---- change when you change the time step
4.5 43.5
15.5 26.5
33.5 20.5
45.5 16.5
41.5 9.5
44.5 25.5
58.5 11.5
57.5 16.5
62.5 14.5
19.5 26.5
28.5 26.5
33.5 23.5
22.5 34.5
30.5 33.5
37.5 29.5
39.5 18.5
52.5 19.5
0.07
0.1
0.06
9.44444E-7 0.0889 0.25
1.4E-6 0.1668 0.25
2.6E-6 0.1101 0.25
1 5
28 15
20 33
21 34
16 45
11 60

Sample DRTMI input file for CASC2D
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0.004 0.171 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.046

0.004 0.171 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.240 0.000 0.000 0.000 0.000 0.046

0.094 0.17t 0.000 0.067 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.240 0.000 0.000 0.000 0.960 0.046

0.094 0.171 0.050 0.067 0.000 0.000 0.240 0.000 0.000 0.000 0.000
0.240 0.000 0.000 0.000 0.960 0.046

0.094 0.171 0.050 0.067 0.000 0.000 0.240 0.000 0.000 0.000 0.000
0.240 0.000 0.000 0.000 0.960 0.046

0.094 0.171 0.050 0.067 0.000 0.000 0.240 0.000 0.000 0.000 0.000
0.240 0.000 0.000 0.000 0.960 0.046

0.094 0.171 0.050 0.067 0.000 0.000 0.240 0.000 0.000 0.000 0.000
0.240 0.000 0.000 0.000 0.960 0.046

0.094 0.171 0.050 0.067 0.000 0.000 0.240 0.000 0.000 0.000 0.000
2.400 0.000 0.000 0.000 0.960 0.046

0.094 0.171 0.050 0.067 0.000 0.000 0.240 0.000 0.000 0.000 0.000
2.400 0.000 0.000 0.000 0.030 0.046

0.094 0.171 0.050 0.067 0.000 0.000 0.240 0.000 0.000 0.000 0.000
0.086 0.000 0.000 0.000 0.030 0.046

0.094 0.171 0.050 0.067 0.000 0.857 0.240 0.000 0.000 0.000 0.000
0.086 0.000 1.000 0.000 0.030 0.046

0.094 0.171 0.050 0.067 0.000 0.857 0.240 0.000 0.000 1.400 0.000
0.086 0.000 1.000 0.000 0.030 0.046

0.094 0.171 0.050 0.840 0.450 0.857 0.240 1.200 0.000 1.400 1.200
0.066 1.050 1.000 0.000 0.030 0.046

0.094 0.171 0.050 0.840 0.450 0.857 0.240 1.200 0.000 1.400 1.200
0.086 1.050 1.000 0.000 0.030 0.046

0.094 0.171 0.050 0.840 O.4SO 0.857 0.240 1.200 0.000 0.060 1.200
0.086 1.050 1.000 0.000 0.030 1.200

0.094 0.171 0.050 0.84 0.450 0.657 0.240 1.200 0.000 0.060 1.200
0.066 1.050 1.000 0.400 0.030 1.200

0.094 0.171 1.200 0.840 0.450 0.857 0.240 1.200 0.000 0.060 1.200
0.039 0.360 0.015 0.400 0.030 1.200

0.094 0.171 1.200 0.041 0.450 0.016 0.240 0.016 0.000 0.060 0.015
0.039 0.360 0.015 0.400 0.030 1.200

0.094 0.171 1.200 0.041 0.450 0.016 0.240 0.016 0.000 0.060 0.015
0.039 0.360 0.015 0.400 0.030 1.200

0.094 0.171 1.200 0.041 0.450 0.016 0.400 0.016 0.000 0.060 0.015
0.039 0.360 0.015 0.400 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.400 0.016 0.000 0.060 0.015
0.039 0.360 0.015 0.400 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.400 0.016 0.000 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.400 0.016 0.000 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.400 0.016 0.300 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.400 0.016 0.300 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 1.800 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 1.600 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 1.600 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

Sample RAXN.DAT input file for CASC2D
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0.094 0.171 0.049 0.041 0.018 0.016 " 040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.004 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.004 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.004 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.041 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.240 0.018 0.016 0.040 0.016 0.032 0.060 0.015
0.039 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.240 0.018 0.016 0.040 0.016 0.032 0.060 0.015
1.200 0.017 0.015 0.019 0.030 0.032

0.094 0.171 0.049 0.240 0.018 0.016 0.040 0.016 0.032 0.060 0.015
1.200 0.017 0.015 0.019 3.200 0.032

0.094 0.171 0.049 0.240 0.018 0.016 0.040 0.016 0.032 0.060 0.015
1.200 0.017 0.015 0.019 3.200 0.032

0.094 0.171 0.049 0.240 0.018 0.016 0.040 0.016 0.032 0.060 0.015
1.200 0.017 0.015 0.019 3.200 0.032

0.094 0.171 0.049 1.527 0.018 0.016 0.040 0.016 0.032 0.060 0.015
1.200 0.017 0.015 0.019 0.857 0.032

0.094 0.171 0.049 1.527 0.018 0.016 0.040 0.016 0.032 0.060 0.015
1.200 0.017 0.015 0.133 0.857 0.032

0.094 0.171 0.049 1.527 0.018 0.016 0.040 0.016 0.032 0.060 0.015
1.200 0.017 0.015 0.133 0.857 0.032

0.300 0.171 0.049 1.527 1.600 0.375 0.040 1.855 0.032 0.720 0.015
1.200 0.017 0.015 0.133 0.857 0.032

0.300 0.171 0.049 1.527 1.600 0.375 1.600 1.855 0.032 0.720 0.015
1.200 0.017 0.015 0.133 0.857 0.032

0.300 0.171 0.049 1.527 1.600 0.375 1.600 1.855 0.032 0.720 2.000
1.200 0.017 0.960 0.133 0.857 0.032

0.300 0.171 1.333 1.527 1.600 0.375 1.600 1.855 0.032 0.720 2.000
0.171 1.000 0.960 0.133 0.857 1.431

0.040 0.171 .1.333 1.527 1.600 0.375 1.600 1.855 0.032 0.720 2.000
0.171 1.000 0.960 0.133 0.360 1.431

0.040 0.171 - 1.333 1.527 1.600 0.375 1.600 1.855 0.032 0.720 0.800
0.171 1.000 0.960 0.133 0.360 1.431

0.040 0.171 1.333 1.527 1.600 0.375 1.600 1.855 0.032 0.720 0.800
0.171 0.500 0.960 0.133 0.360 1.431

0.040 0.171 1.333 1.527 1.600 0.375 1.091 1.855 0.032 0.720 0.800
0.171 0.500 0.800 0.857 0.360 1.431

0.040 0.171 1.333 0.785 1.600 0.150 1.091 1.855 0.032 0.720 0.800
0.171 0.500 0.800 0.857 0.360 1.431

0.040 0.171 1.333 0.785 1.600 0.150 1.091 1.855 0.032 0.720 0.800
0.171 0.500 0.800 0.857 1.600 1.431

0.040 1.600 1.333 0.785 1.600 0.150 1.091 1.855 0.032 0.171 0.800
1.200 0.500 0.257 0.857 1.600 1.431

0.040 1.600 1.333 0.785 1.600 0.150 1.091 0.120 1.000 0.171 0.086
1.200 0.500 0.257 0.857 1.600 1.431
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0.040 1.600 0.200 0.785 1.060 0.150 1.091 0.120 1.000 0.171 0.06
1.200 0.100 0.257 0.857 1.650 1.431

0.040 0.240 0.200 0.785 1.0I 0 0.150 1.091 0.120 1.000 0.171 0.006
1.200 0.100 0.257 0.857 1.65O 1.431

0.040 0.240 0.200 0.785 1.0I 0 0.150 1.091 0.120 3.000 0.171 0.006
1.638 0.100 0.257 0.200 1.650 1.431

0.040 0.240 0.200 0.785 1.060 0.150 1.091 0.120 3.000 0.171 0.086
1.638 0.100 0.257 0.200 1.650 1.431

0.040 0.240 0.200 0.715 1.060 0.450 1.091 2.100 3.000 0.171 0.06
1.638 0.100 0.257 0.200 1.650 0.150

0.040 0.240 0.200 0.785 1.060 0.450 1.091 2.100 3.000 1.050 0.086
1.638 0.100 0.300 1.029 1.650 0.150

0.040 1.600 0.760 0.785 1.060 0.450 1.333 2.100 1.371 1.050 0.600
1.638 1.600 0.300 1.029 1.650 0.150

0.382 1.600 0.760 0.785 1.060 0.450 1.333 2.100 1.371 1.050 0.600
1.638 1.800 0.300 1.029 1.650 0.150

0.382 1.600 0.760 0.785 1.080 0.450 1.333 0.600 1.371 1.050 0.600
1.638 0.400 0.300 1.029 1.650 1.920

0.382 1.600 0.780 1.800 1.060 0.450 1.333 0.600 1.371 0.360 0.600
1.638 0.400 0.900 1.029 1.650 1.920

0.382 1.600 0.760 1.800 1.080 0.450 1.333 0.600 1.371 0.360 0.600
1.638 0.400 0.900 1.029 1.650 1.920

0.382 1.600 0.760 1.800 1.060 0.450 1.333 0.600 1.371 0.360 0.600
1.638 0.686 0.900 1.029 1.650 1.920

0.382 2.057 0.780 1.600 1.060 0.450 1.333 0.600 1.371 0.360 0.600
1.636 0.686 0.900 1.100 1.650 1.920

0.382 2.057 0.780 1.600 1.00 0.450 1.333 0.600 0.480 0.360 0.600
1.638 0.686 0.900 1.100 1.650 0.400

0.382 2.057 0.780 1.800 1.080 0.450 1.333 0.600 0.480 2.047 2.133
1.636 0.686 0.900 1.100 1.650 0.400

0.382 2.057 0.780 1.800 4.200 0.450 1.364 1.958 0.480 2.047 2.133
1.638 0.686 0.900 1.100 1.650 0.400

0.382 2.057 2.550 1.800 0.900 1.933 1.364 1.958 0.480 2.047 2.133
1.638 0.686 0.900 1.100 1.800 1.414

0.382 2.057 2.550 1.800 0.900 1.933 1.364 1.958 0.480 2.047 2.133
1.638 0.686 2.850 1.100 1.800 1.414

2.325 2.057 2.550 1.800 0.900 I.933 1.366 1.958 3.000 2.047 2.133
1.638 2.143 2.850 1.629 1.00 1.414

2.325 2.057 2.550 1.800 0.900 1.933 1.364 1.958 3.000 2.047 2.133
1.638 2.143 2.850 1.629 1.800 1.414

2.325 2.057 2.550 1.00 0.900 1.933 1.364 1.958 0.800 2.047 2.133
1.636 2.143 2.850 1.629 1.800 1.414

2.325 2.057 2.550 2.229 0.900 1.933 1.364 1.956 0.800 2.047 2.133
1.638 2.143 2.850 1.629 1.800 1.414

2.325 2.057 2.550 2.229 2.340 1.933 1.364 1.958 0.800 2.047. 2.133
1.638 2.143 2.850 1.629 0.429 1.414

2.325 2.057 2.550 2.229 2.340 1.933 1.364 1.956 0.600 2.047 2.133
1.638 2.143 2.850 1.629 0.429 1.414

2.325 2.057 2.550 2.229 2.340 1.933 1.3" 1.95 0.600 2.047 2.133
1.638 2.143 2.850 1.629 0.429 1.414

2.325 2.057 2.550 2.229 2.340 2.743 1.364 1.9S8 0.600 2.047 2.133
1.638 3.400 1.200 2.700 0.429 1.414

2.025 0.000 2.550 2.229 2.340 2.743 2.400 1.958 1.500 2.047 2.133
1.638 3.400 1.200 2.700 0.429 1.414

2.025 0.000 2.550 2.229 2.340 2.743 2.400 1.958 1.500 2.047 2.133
1.638 3.400 1.200 1.950 0.429 1.414

2.025 0.000 0.975 0.000 2.340 2.743 2.400 1.958 1.500 2.047 2.133
0.000 2.100 1.200 1.950 0.429 1.414

2.025 0.500 0.975 0.000 2.340 2.743 2.400 1.958 1.500 2.047 2.133
0.000 2.100 1.200 1.950 0.700 1.414

2.025 0.500 0.975 0.000 2.340 2.743 2.400 1.958 1.500 2.047 2.133
0.000 2.000 1.200 1.950 0.700 2.175

2.025 0.50O 0.975 0.000 2.340 2.743 2.400 1.956 1.soo 0.120 2.133
1.500 2.000 1.20 2.100 0.700 2.175

2.025 0.500 0.975 0.000 0.300 0.150 2.400 1.958 3.840 0.120 0.200
1.500 2.000 1.20 2.100 o.700 2.175
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2.025 0.500 0.975 0.600 0.300 0.150 2.400 1.958 3.840 0.120 0.200
0.920 0.171 1.200 2.100 0.700 2.175

0.000 0.500 0.975 0.600 0.300 0.150 2.400 0.240 3.840 0.120 0.200
0.920 0.171 0.000 2.100 0.700 2.175

0.000 1.267 0.975 0.600 0.300 0.150 0.300 0.240 3.840 0.120 0.200
0.920 0.171 0.000 0.100 1.100 2.175

0.000 1.267 0.000 0.600 0.300 0.969 0.300 0.240 3.840 0.900 0.200
0.920 0.171 0.000 0.100 1.100 2.175

1.050 1.267 0.000 0.947 0.300 0.969 0.300 0.240 1.560 0.900 0.200
0.920 0.171 1.000 0.100 1.100 2.175

1.050 1.267 0.000 0.947 0.300 0.969 0.300 0.240 1.560 1.050 0.500
0.920 0.171 1.000 0.100 1.100 0.257

1.050 1.267 0.000 0.947 0.300 0.969 0.300 1.200 1.560 1.050 0.500
0.920 0.171 1.000 0.100 1.100 0.257

1.050 1.267 0.000 0.947 0.300 0.969 0.300 1.200 1.560 1.050 0.500
0.920 2.400 0.150 0.100 1.100 0.257

0.400 1.267 1.150 0.947 0.300 0.969 1.100 1.200 1.560 1.050 0.500
0.920 0.300 0.150 0.600 0.966 0.257

0.400 1.267 1.150 0.947 0.300 0.969 1.100 1.200 0.400 1.050 0.500
0.920 0.300 0.150 0.600 0.966 0.257

0.400 1.267 1.150 0.947 0.300 0.969 1.100 1.200 0.400 1.050 0.500
0.920 0.300 0.150 0.600 0.966 0.257

0.600 1.329 1.150 0.947 1.855 0.969 1.100 1.200 0.400 1.050 1.700
0.920 0.300 1.900 0.200 0.966 0.257

0.600 1.329 1.150 0.947 1.855 0.969 1.100 1.200 0.120 1.050 1.700
0.920 1.440 1.900 0.200 0.986 0.900

0.600 1.329 1.150 0.947 1.855 0.969 1.100 1.200 0.120 1.050 1.700
0.920 1.440 1.900 0.200 0.966 0.900

1.680 1.329 1.150 0.947 1.855 0.969 1.100 1.200 0.120 1.050 1.700
0.920 1."40 1.900 0.720 0.966 0.300

1.680 1.329 1.150 0.947 1.855 0.969 1.100 1.200 0.120 1.050 1.700
1.440 1.440 1.900 0.720 0.966 0.300

1.680 1.329 1.150 0.947 1.855 0.686 1.100 1.200 0.120 1.050 1.700
1.440 1.440 1.900 0.720 0.966 1.269

1.680 1.329 1.150 0.947 1.855 0.686 1.100 1.200 0.400 0.600 1.926
1.440 1.400 0.525 0.720 0.966 1.269

1.680 1.329 1.150 0.947 1.855 0.686 1.100 1.777 0.400 0.600 1.926
1.440 1.400 0.525 0.720 0.966 1.269

0.480 1.329 1.150 0.947 1.855 0.686 1.100 1.777 0.400 0.600 1.926
1.440 1.400 0.525 7.200 0.966 1.269

0.480 1.329 1.200 0.947 1.855 0.686 1.029 1.777 0.400 0.600 1.926
1.440 0.600 0.525 0.686 0.966 1.269

0.480 1.329 1.200 0.947 1.855 0.686 1.029 1.777 0.400 0.600 1.926
1.440 0.600 0.525 0.686 0.966 1.269

0.480 1.329 1.200 0.947 1.855 0.686 1.029 1.777 0.400 0.600 1.926
1.440 0.600 0.525 0.686 3.000 1.269

0.480 1.329 1.200 2.400 1.855 1.SO0 1.029 1.7"7 2.520 0.600 1.926
1.440 0.600 0.525 0.686 3.000 1.269

1.300 1.329 1.200 2.400 1.855 1.500 1.029 1.777 2.520 0.600 1.926
1.440 0.600 0.525 0.686 3.000 1.269

1.300 3.267 1.200 2.400 1.855 1.SO0 1.029 1.777 2.520 2.463 1.926
3.075 0.600 1.500 0.686 3.000 1.269

1.300 3.267. 1.200 2.400 1.855 1.500 1.029 .777 2.520 2.463 1.926
3.075 1.680 1.500 0.686 3.000 1.269

1.300 3.267 1.200 2.400 1.855 2.509 1.029 1.777 2.520 2.463 1.926
3.075 1.680 1.500 1.000 3.000 1.269

1.300 3.267 1.200 2.400 1.855 2.509 1.029 .777 0.667 2.463 1.926
3.075 1.680 1.SO0 1.000 3.000 1.269

1.300 3.267 1.200 2.400 1.855 2.509 1.029 1.777 0.667 2.463 1.926
3.075 1.680 1.500 1.000 3.000 1.269

3.040 3.267 1.200 2.400 1.855 2.509 1.029 1.777 0.667 2.463 1.926
3.075 1.680 1.500 1.000 2.100 1.269

3.040 3.267 1.200 2.400 1.855 2.509 1.029 1.777 0.667 2.463 1.926
3.075 2.000 3.218 1.000 2.100 1.269

3.040 3.267 1.200 3.720 1.855 2.509 1.029 1.777 0.667 2.463 1.926
3.075 2.000 3.218 1.000 2.100 1.269
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3.040 3.267 1.200 3.720 2.400 2.509 1.029 1.777 0.667 2.463 1.926

2.571 2.000 3.218 3.000 2.100 1.269
3.040 1.950 2.914 3.720 2.400 2.509 4.133 1.777 0.6 0% 2.463 1.926

2.571 2.000 3.218 3.000 2.100 1.269
3.040 1.950 2.914 3.720 2.400 2.509 4.133 1.777 0.667 2.463 1.926

2.571 2.000 3.218 0.600 2.100 1.269
3.040 1.950 2.914 3.720 2.400 2.509 4.133 1.777 0.667 2.463 2.200

2.571 2.000 3.218 0.600 2.100 1.269
3.040 1.950 2.914 1.714 2.400 2.509 4.133 1.777 1.680 2.463 2.200

2.571 6.200 3.218 4.000 2.100 1.269
3.040 1.950 2.914 1.714 2.400 2.700 4.133 1.777 1.680 2.463 2.200

2.571 6.200 3.218 4.000 0.643 1.269
3.040 1.950 2.914 1.714 2.40 2.700 ? 4.133 1.777 1.600 2.463 2.200

2.571 6.200 3.218 4.000 0.643 1.269
3.040 1.950 2.914 1.714 2.400 2.700 4.133 1.777 1.680 2.463 2.200

0.76T 1.950 3.218 3.000 0.643 1.269
3.040 1.950 2.127 1.714 2.400 2.700 4.133 1.777 1.680 2.463 2.200

0.764 1.950 3.218 3.000 0.643 1.269
3.040 0.760 2.127 1.714 2.400 2.700 4.133 1.777 2.700 2.463 2.200

0.764 1.950 2.100 3.000 0.643 2.914
3.040 0.780 2.127 1.714 0.000 2.700 0.000 1.777 2.700 2.463 2.200

0.764 1.950 2.100 3.000 0.643 2.914
3.040 0.70 2.127 0.600 0.000 2.700 0.000 0.975 2.700 1.050 2.200

0.7". 1.600 2.100 2.000 0.643 2.914
2.800 0.780 2.127 0.600 0.000 2.700 0.000 0.975 2.700 1.050 0.857

0.764 1.600 2.100 2.000 0.643 2.914
2.800 0.780 2.127 0.600 0.000 2.40 0.000 0.975 4.800 1.050 0.857

0.764 1.600 1.000 2.000 0.643 2.914
2.800 0.760 2.127 0.600 0.000 2.400 0.000 0.975 4.800 1.050 0.857

0.7?6 1.600 1.W 1.400 0.643 2.914
0.9w00 0.700 2.127 0.600 0.000 2.400 0.000 0.975 2.200 1.050 0.857

0.7"6 1.00 1.000 1.400 0.643 2.914
0.900 0.760 2.127 0.600 0.000 2.400 0.000 0.975 2.200 1.050 0.857

0.76" 1.800 1.000 1.400 0.643 5.400
0.900 0.790 2.127 0.600 0.000 2.400 0.000 0.975 2.200 1.050 0.857

0.764 1.800 1.000 1.500 0.643 5.00
0.900 0.760 2.127 0.000 0.000 3.600 0.000 0.975 2.400 1.050 0.857

4.800 0.000 1.000 1.500 0.643 5.400
0.000 0.000 0.000 0.338 0.189 4.800 1.500 0.000 3.000 1.200 0.600

0.109 0.000 0.000 0.420 0.000 0.000
0.000 0.545 0.525 0.338 0.169 0.360 1.500 0.369 1.200 1.200 0.514

0.109 0.771 0.700 0.420 0.356 2.400
0.400 0.545 0.525 0.338 0.189 0.360 1.200 0.369 1.200 0.429 0.514

0.109 0.771 0.700 0.420 0.356 2.40
0.400 0.545 0.525 0.338 0.189 0.360 1.200 0.369 1.200 0.429 0.514

0.109 0.771 0.700 0.420 0.356 2.400
0.400 0.545 0.525 0.338 0.169 0.360 0.309 0.369 1.200 0.429 0.514

0.109 0.771 0.700 0.420 0.356 2.400
0.400 0.545 0.525 0.338 0.189 0.360 0.309 0.369 1.200 0.429 0.514

0.109 0.771 0.700 0.420 0.356 2.400
0.400 0.545 0.525 0.336 0.109 0.360 0.309 0.369 0.686 0.429 0.514

0.109 0.771 0.700 0.420 0.356 2.400
0.400 o.545 0.525 0.336 0.169 0.360 0.309 0.369 0.666 0.429 0.514

0.109 0.771 0.387 0.420 0.356 0.568
0.400 0.545 0.525 0.338 0.189 0.360 0.309 0.369 0.666 0.42 0.514

0.109 0.900 0.367 0.420 0.356 0.568
0.400 0.545 0.525 0.338 0.189 0.360 0.309 0.369 0.666 0.49 0.514

0.109 0.900 0.387 0.420 0.356 0.568
0.400 0.545 0.525 0.338 0.189 0.360 0.309 0.369 0.686 0.429 0.514

0.109 0.369 0.387 0.254 0.356 0.568
0.400 0.545 0.525 0.338 0.169 0.360 0.309 0.369 0.686 O.42 0.514

0.343 0.369 0.367 0.2B4 0.356 0.568
0.400 0.545 0.525 0.338 0.189 0.360 0.309 0.369 0.686 0.429 0.514

0.343 0.369 0.387 0.284 0.356 0.566
0.400 0.545 0.525 0.338 0.189 0.360 0.309 0.369 0.360 0.42 0.514

0.343 0.-W9 0.387 O.284 0.356 0.568
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0.400 0.545 0.525 0.338 0.19 0.360 0.309 0.369 0.360 0.429 0.514
0.343 0.369 0.387 0.264 0.356 0.5"6

0.400 0.545 0.525 0.338 0.139 0.360 0.309 0.369 0.360 0.429 0.314
0.343 0.369 0.387 0.264 0.356 0.566

0.400 0.545 0.525 0.400 0.189 0.360 0.309 0.369 0.360 0.333 0.314
0.343 0.369 0.387 0.284 0.356 0.568

0.300 0.545 0.300 0.400 O.169 0.360 0.309 0.369 0.360 0.333 0.314
0.343 0.369 0.387 0.2864 0.356 0.566

0.300 0.545 0.300 0.400 0.189 0.360 0.309 0.369 0.360 0.333 0.314
0.343 0.369 0.387 0.234 0.356 0.5"6

0.300 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.360 0.333 0.314
0.343 0.369 0.387 0.284 0.356 0.566

0.300 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.360 0.333 0.314
0.343 0.369 0.387 0.2864 0.356 0.568

0.300 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.360 0.333 0.314
0.343 0.369 0.387 0.2864 0.356 0.568

0.300 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.360 0.333 0.314
0.343 0.369 0.387 0.284 0.356 0.566

0.300 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.320 0.333 0.314
0.343 0.353 0.387 0.284 0.356 0.566

0.300 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.320 0.333 0.31U
0.343 0.353 0.387 0.284 0.356 0.566

0.738 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.320 0.333 0,314
0.343 0.353 0.367 0.284 0.356 0.568

0.736 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.320 0.333 0.314
0.343 0.353 0.387 0.234 0.356 0.400

0.738 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.320 0.333 0.314
0.343 0.353 0.387 0.234 0.356 0.400

0.736 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.320 0.333 0.314
0.343 0.353 0.387 0.284 1.560 0.400

0.738 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.320 0.333 0.314
0.343 0.353 0.387 0.382 1.560 0.400

0.738 0.545 0.300 0.400 0.075 0.360 0.309 0.369 0.320 0.333 0.314
0.343 0.353 0.387 0.382 1.560 0.400

0.738 0.545 0.300 0.400 0.075 0.640 0.309 0.369 0.320 0.333 0.314
0.343 0.353 0.387 0.382 1.560 0.400

0.738 0.545 0.300 0.400 0.075 0.640 0.309 0.369 0.320 0.333 0.314
1.029 0.353 0.3B7 0.382 1.560 0.400

0.738 0.545 0.300 0.400 0.075 0.640 0.309 0.369 0.320 0.333 0.314
1.029 0.353 0.387 0.382 0.420 0.400

0.736 0.545 0.300 1.200 0.075 0.640 0.309 0.369 0.320 0.764 0.314
1.029 0.353 0.387 0.382 0.420 0.400

0.738 0.545 0.300 1.200 0.600 0.640 0.309 0.369 0.320 0.764 0.314
1.029 0.353 0.387 0.382 0.420 0.400

0.738 0.545 0.300 1.200 0.600 0.640 0.309 0.369 0.320 0.764 0.760
1.029 0.353 0.387 0.382 0.420 0.400

0.738 0.545 0.300 1.200 0.600 0.640 0.309 0.369 0.320 0.764 0.760
1.029 0.353 0.387 0.382 0.420 0.400

0.655 0.545 0.300 1.200 0.600 0.640 0.309 0.369 0.333 0.764 0.760
1.029 0.353 0.660 0.382 0.420 0.400

0.655 0.545 0.300 1.200 0.600 0.640 1.350 0.369 0.333 0.764 0.760
0.600 0.353 0.660 0.382 0.420 0.400

0.655 0.545 0.300 1.200 0.600 0.640 1.350 1.133 0.333 0.764 0.760
0.600 0.600 0.660 0.500 0.420 0.400

0.655 0.545 1.200 0.700 0.600 0.640 1.350 1.133 0.333 0.764 0.760
0.600 0.600 0.660 0.500 0.420 0.400

0.655 0.545 1.200 0.700 0.600 0.640 1.350 1.13. 0.333 0.764 0.760
0.600 0.600 0.660 0.500 0.420 0.400

0.655 0.545 1.200 0.700 0.600 0.640 0.386 1.133 0.333 0.764 0.760
0.600 1.500 0.660 0.500 0.900 0.400

0.655 0.545 1.200 0.700 0.600 0.640 0.386 1.133 0.333 0.764 0.760
0.600 1.500 0.660 0.500 0.900 0.533

0.655 0.240 1.200 0.700 0.600 0.640 0.386 1.133 0.333 0.667 0.760
0.600 0.500 0.660 0.500 0.900 0.533

0.655 0.240 1.200 0.700 0.600 2.100 0.386 1.133 0.333 0.667 0.760
0.600 0.500 0.660 1.200 0.900 0.533
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0.655 0.2410 0.720 1.500 1.200 2.100 0.386 1.133 4.200 0."6T 0.760

0.600 0.500 0.660 1.200 0.004 0.533
0.65S 0.240 0.720 1.500 1.200 2.100 0.386 1.133 O.700 0.667 0.760

1.200 0.500 0.600 1.200 0.094 0.533
3.000 0.240 0.720 1.500 1.200 2.100 0.386 0.600 0.700 0.667 0.760

1.ZOO 0.500 0.600 0.300 0.091 0.533
0.221 0.240 0.720 1.S00 0. 0.300 0.386 0.600 0.700 0.667 0.760

1.200 0.500 1.200 0.300 0.094 0.533
0.221 0.•10 0.720 0.150 0.232 0.300 0.386 0.600 0.700 0.66T 0.000

0.2n3 1.400 1.200 0.300 0.091 0.533
0.221 0.240 0.720 0.150 0.2A 0.300 0.306 0.600 0.700 0.667 O.8l0

0.273 1.4.00 1.200 0.300 0.091 0.533
0.22 0.21. 0.720 0.150 0.M2 0.300 0.386 0.600 0.7M0 0.667 0O00

0.273 1.40 1.200 0.300 0.094 0.120
0.221 0.240 0.720 0.150 0.282 0.300 0.386 0.600 0.514 0.257 0.171

0.273 0.191 0.106 0.300 0.094 0.120
0.221 0.240 0.720 0.150 0.282 0.300 0.306 0.600 0.514 0.257 0.171

0.273 0.191 0.106 1.050 0.091 0.120
0.221 0.240 0.720 0.150 0.282 0.300 0.386 3.000 0.514 0.257 0.171

0.273 0.191 0.106 1.050 0.091 0.120
0.221 0.240 3.000 0.150 0.282 0.300 1.000 3.000 0.514 0.257 0.171

0.273 0.191 0.106 1.050 0.094 0.120
0.221 0.240 0.212 0.150 0.282 0.024 1.000 0.185 0.514 0.257 0.171

0.273 0.191 0.106 1.050 0.094 0.086
0.221 0.240 0.212 0.150 0.282 0.024 1.000 0.185 0.514 0.257 0.171

0.273 0.191 0.106 0.160 0.09% 0.086
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28.99 4.00 0.037
32.71 4.20 0.037
23.45 4.34 0.037
18.35 4.34 0.037
15.24 4.50 0.037
17.70 4.70 0.037
37.97 4.97 0.037
28.24 5.32 0.037
23.63 6.05 0.037
12.88 3.87 0.037
22.42 3.98 0.037
14.48 4.11 0.037
15.70 3.40 0.037
16.32 3.55 0.037
13.65 3.83 0.037
8.58 4.30 0.037
7.42 4.50 0.037
6.00 3.00 0.037
7.00 3.50 0.037

13 13 13 13 13 13 12 12 12 11 11 11 11 11 11 -1 Channel 1
69 68 67 66 65 64 64 63 62 62 61 60 59 58 57 -1

11 11 12 12 12 12 12 13 14 14 15 15 16 16 16 -1 Channel 2
57 56 56 55 54 53 52 52 52 51 51 50 50 49 48 -1

16 16 16 16 16 15 15 15 14 14 14 14 14 -1 0 0 Channel 3
48 47 46 45 44 44 43 42 42 41 40 39 38 -1 0 0

14 15 15 15 16 16 17 1.8 19 19 20 20 21 -1 0 0 Channel 4
38 38 37 36 36 35 35 35 35 34 34 33 33 -1 0 0

21 21 22 22 23 23 24 24 25 25 25 25 -1 0 0 0 Channel 5
33 32 32 31 31 30 30 29 29 28 27 26 -1 0 0 0

25 25 25 25 25 25 25 25 26 26 -1 0 0 0 0 0 Channel 6
26 25 24 23 22 21 20 19 19 18 -1 0 0 0 0 0

26 26 27 27 27 28 29 30 30 31 31 32 -1 0 0 0 Channel 7
18 17 17 16 15 15 15 15 14 14 13 13 -1 0 0 0

32 32 33 34 34 35 36 36 37 37 38 39 39 40 41 -1 Channel 8
13 12 12 12 11 11 11 10 10 9 9 9 8 8 8 -1

41 41 42 43 43 44 44 44 44 0 0 0 0 0 0 0 Channel 9
8 7 7 7 6 6 5 4 3 0 0 0 0 0 0 0

8 8 9 9 9 9 9 9 9 9 10-1 0 0 0 0 Channel 10
49 48 48 47 46 45 44 43 42 41 41 -1 0 0 0 0
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10 11 11 12 12 13 13 14 -1 0 0 0 0 0 0 0 Channel 11
41 41 40 40 39 39 38 38 -1 0 0 0 0 0 0 0

17 17 17 17 18 18 18 18 18 17 17 16 -1 0 0 0 Channel 12
56 55 54 53 53 52 51 50 49 49 48 48 -1 0 0 0

23 23 24 24 25 25 25 25 26 26 27 27 27 27 -1 0 Channel 13
57 56 56 55 55 54 53 52 52 51 51 50 49 48 -1 0

27 28 28 28 27 27 26 26 25 25 24 24 23 23 -1 0 Channel 14
48 48 47 46 46 45 45 44 44 43 43 42 42 41 -1 0

23 23 23 22 22 22 22 22 21 21 21 -1 0 0 0 0 Channel 15.
41 40 39 39 38 37 36 35 35 34 33 -1 0 0 0 0

33 '33 32 32 32 31 31 30 30 30 29 -1 0 0 0 0 Channel 16
37 36 36 35 34 34 33 33 32 31 31 -1 0 0 0 0

29 28 28 27 27 26 26 26 26 25 -1 0 0 0 0 0 Channel 17
31 31 30 30 29 29 28 27 26 26 -1 0 0 0 0 0

38 37 37 36 35 35 34 34 34 33 33 32 31 31 30 -1 Channel 18
29 29 28 28 28 27 27 26 25 25 24 24 24 23 23 -1

30 30 29 29 28 28 27 27 27 26 -1 0 0 0 0 0 Channel 19
23 22 22 21 21 20 20 19 18 18 -1 0 0 0 0 0

Sample cHN.D&T input file for CASC2D - Continued

D185



AU=NNDIID -CgMntsr PoaM2 a Listing for CABC2D

D187



C WITM INFILTRATION
C WITN OSANKELINXIOTING 03
C VII. PLOTIUG, MIT INE
C PROMM DIFIACI(
C -- nms
SNOL IST

INCUDE lfGAPN.FPl
INCLUDE lFGRPN.FDl

$LIST
C

INIIEGWrI ISNP(47.75),INANC47.75),I30ILC6775T)
ClOMM /3LOKII EC47.75),N(47,Th),3INT(47,75),VINF(47.75)
CUomm /LKaw DOWV(47.75) .DbCU(47.75) .uCrN(7.75).

* ~XRG(20).Y30C20).310(20).PNA(10).PINF(10.3),
* 1011C(29. 16.2),CNPC29,3) *10(20.2) .0(20)

RCORD /videaocn is/ acre
cesu screen

C
CALL FONTIC)
CALL GETIN(IEININ,ISEC,I100)

C .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C OPENING FILES
C .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

OPIN(tlNITx2l,FILEwlINAP.DAT8)
0PEN(UNITs2,FILEwlELAVG.DAIl)
OPEN(UNITaU23ILWURAIU.DATI)
OPEN(UUNII24,FILEaSOIL.DAT@)
OPEN(UNII.25,FIL~w*DAAIAP)
0ME(UNI Ta26.FILE= ICUN.DAI'1)
OPEN(UNITU27, FILE= IOUT.P33')
OPEN(UNITaU2, FILE=' 1N.DAT')
OPEN(UNITZ9. FILEalOI3CNARGE.OUPl)
OPEN(UUNITu36.FILEaDEPTN.OUT4)

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
VRITE(ZT.'('' started at 1,:1,:'.2)EINNSC
VRITE(27.222)

C
31*0(25.*) NU,N,*IAN,IOEP
READ(25,-) DT,NITER,MIIUU,NMUNNPLT
31*0(25.*) JOUT,KOUI,MffTnxVCNOU,CCNOUT*MNO
31*0(25,') INDEXINFNSOIL
READC25,') NCNNAXCINM
READ(25.') IDEPPLT
R1*0(25.') MRAIN

C
IF(IRAIN.E0.0) 31*0(25,') CRAIN
IF(IRAIN.EQ.l) RE*3(25.') RG.UIE*D
IFCI3AIN.EO.1) RlEAD(25.') (XRG(L).T3G(LY*Lwl,N36)

C
REA0(25.') (PAIMNCJ).JxI,NUIAN)
IF(INEXINF.E0.1) 31*0(25.') CCPINF(J.K),K=1,3), Jai, SOIL)
READ(25.') INEDEIS,NDIS
IF(INDEIIDIS.EQ.1) 31*(25,') ((IQ(J*K),Kal,2),Jal,NDIS)

C
I F(NCNN.NE.0) 31*0(26.') C (CNPCL.K).Ku1 *3), LaiNCU)
IF(NCNN.NE.0) 31*0(26,128) (((ICNN(L*J,K),Jw1.NA(CNN).

* ~Ksl 2),Lu1 .NCIIN)
128 FOWNTC/1613/1613)

WR111C29,229) ((IQCJ,K),Kz1,2),J-I,NDIS)
C .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C READING SNAP NATIX AMD RE*01NG ELEVATIONS AM INITIALIZATIONS
C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

00 150 J81.14
DO I50 KIu.N
31*(21.') ISNP(J.K)
READC22.') E(J.K)
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IF(hhWL.E2.1) TMEN
IUOIL(J K)a1
ULSE
UMA(2'.*) ISOIL(J.K)
ENDIF
IF(UNAIL 10.) THEN
1NMCJK)=I
ELSE
READ(28S-) INAN(J.K)

U(J1020.
NCN(JK)OO.
OSOV(J*X)u0.
DMCUJ.K)uO.
VINFCJ,K)=O.

C ETOI(j,k)wO.

D0 160 1C1.NCUU.1
D0 175 LMl*NAXCUN.1
JaICNU(ICL.1)
K-IOIU(ICL.2)
IF(J.LE.0) 60 TO 160
ISUP(JK)a2

175 CONTINUE
160 CUOR WE

VI C.0
VWUTNO.
VELMIO.
VIMPTOTBO.

C TIM LOOP

DO 10 1u1*NITEA
IFCIDEPPLT.EQ.O) JEITEC'.')I
ICALL80
IFCI.GI.NT ) RINDEXuC.
IFCI.LE.UITRN.A1.IRAIM.EQ.1) THEN
IFC((I-1)/UREAD)'tIEEAD.EO.(I-1)) MEN
ICALL=l
READ(23,124) (RRB(L),L81,NRG)

c chang the fomat f ram 17 to the new mabr of raingeges

124 FOUGATCI7F9.3)
1101 F
ENDIF

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
DO 1 J.1,N
DO 1 kalN
IF(ISII(JK).EG.O) GO T0 1
IFCIRAIU.EQ.O) TNEN
RINT(J.K)ca=IN
ELSE
IF(ICUALL.Q.) CALL RAIN(J,Kfho,XRG.YRGRRG,RINT)
ENISIF
IF(I.hT.NITRN) RINT(J,K)wO.

c ETOTCJK)IRTOT(J,K)4RINTCJ.K)-DT
C

NWOOOWCJ.K)'DTI(W*W)
NOV.WNV4(J,K)+RINDVrRINT(J,K)-DT
IFCNOV.LT.O) 60 To 170
IF(IWEXINF.EQ.1)CALL IMFILT(JK.DT,IbOILVINF.PIUFDNOV)
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HCJK)uHM
DMOVJ.K)=0.
VINuVIN"IRNDE INTCJ.K)*OT*%W&
IFCI EQ.ITER) VINFTOT=VIMFTOT*VtNFCJ.C)*WV
IM(IEO.ITEE.AND.IS(J.I).E.¶) VIIUBSVUJEN(JK)OWI

I CONTINUE
C.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

DO 2 ICoiucu.i
DO 3 LNl,NAXCN,l
JaICIU(ICL.I)
K8ICNN(IC.L,2)
JJ=ICNU( IC. L+1.1)
IF(J.LE.O) 00 TO 2
IF(JJ.LT.O) 00 TO 2
ucuuct IC. ¶)
OcNcHP( IC,2)
DNCNNOcNCJK)*DT/(IMEH)
HCNCJ.K)==cUJ.K)4D~NC
IFCHCJIK).GT.UDEP) THEN
NCN(J,K).HCHJ,K)4(UCJK)-UDE)V/WACH
N(J.K)IDEP
EDI F
NTOPEDCH.NCJ .1)
IFCNCNCJ,K).GT .NTOP) THEN
DN=CHCNCJK)-NTOP)-=c/W
NCJ,K)aNCJK)4DN
UcCNJ,K).nTfOP*OH
END IF
IF(CNCHJK).LT.0) 0O TO 170
DSCHCJK)B0.
IFCI.EQ.NITEE) VuiR.VSUE.HNCN(J.K)*WPuCu.NCJ,K)'IPoI

3 CONTfINUE
2 c~lITINU

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
11 DO 20 J=1.N

DO 30 Kai,*
IFCISN(JK).EQ.O) 0O TO 30
DO 40 Lu-1,O.1
JJ=J*L.1
KK=K-L

C . . . . . . . . . . . . . . . . . . . . . . . . . .
IFCJJ.AT.N.OR.KK.GT.N.OR.ISNP(JJ,KK).EG.0) so To 40
CALL ONRL(II,INAN,PANM,SDE.J.K,JJ.KK,E.H.DQOV)

40 COIT INUE
30 CONTINUE
20 CONTINUE

C . . . . . . . . . . . . . . . . . . . . . . . . .

go0s0 Icwl,NCHN*1
uCNNCPI~Cc,1
DCN=OIICIC,2)
.sVuCN*mCuIC,3)
00 60 Lwl,NAXCNN-. 1'
JiscUUIC.L. 1)
KOICUNCIC. L,2)
JJ.IcUN(IC,L+1.I)
KK=ICUN(ICL.1 2)
JJJuICNN(IC,L*2,1)
IF(JJ.LE.0) 00 TO 50
CALL CIUICW(NCNN*U,~WHCNOiNRAWMH

+ J,K,JJ.KKJJJ.E.HCH. ICEPCNP.DGCN.NDS, IG.Q)
60 CONTIONE
50 CONTINUE

C . . . . . . . . . . . . . . . . . . . . . . . .

C OUTFLOW DISCHARGE

HOUTwNCJOUTKOUT)
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ALFAwWUII(UTf)/PMAN( INAN(JAUT.WH))

IF(NOUT.GT.IDEP) GOUT~ALFA*CCUOUT4DEP)**1467)
N(JOIIT ,IIT)aWOUT-GOUTOVT/Chwm)

iNUTaU.~jUC.KwH)
wautkucuau?2.'.OuT
IF(PaTOUT.WDcuOuT) WMNCIINiOT.2.*DCUOUT
AREAO~lM.CNUT*NUT
ALPAEWTCSUT )/INAOUJT
inWCcwALFA*CMEUiT**1.646)ICWWT**0.6667)
*0JUCJT.KUUT).NU7f-GQUTCNftT/(VCW-uT )
QOUTaVSUTOvOUTDT

itfi.eq.l) then

if Cq0Ut.qt.qwak) then

tpekakureej)*dt/6O.

lfCI-eq.l) qsld a .
I FCCIDEPPTJG 1).-AI. CCC(I-1)/NKPT)UPLT).EQ. 1-1)

+ CALL DEPPT(J WIT. ISU,RINT,NITR, IRAJI, CALL,VINF,
* MINDEIF.H.UM,niter,dt~qMt.qotd.qmx,m,n)

IF(CCI-1)/NPLT)MUPT.lN.l-I) qold n qout

C ----"3 UNIT CLAMISEMUN/s Tocfa
IFCCI/UPUM)UPUN.EQ1) WR111C27,111) I0OT/6O.,QOUT*C3.2S)**3
IFCC(IJiPR)-W .E10.1) *l11EC29,112) 10DT160.,

* CGCILL)-C3.2B)"3,ILL=In.IS)
10 CORTINA

IRITEC36,M9)

00 W9 KN1,N
IF(IIIICJK).EO.0) GO TO 69f
W1TEC36,891) J.K.1000.'NCJ,K).1000.-VIUFCJ.K)

C --- 1*0 UIT CNANGE FRMS3 TOfI'd
WRITEC27* ¶13) qpeok*C3.2S"3),tpeak.VINUC3.2P*3),

* VUM(3.20*63), IOO.*WUIT/V1M,VS IR(3. r)l
* 10.*VSU/VIN,VIUPTO1TýC3.28*'3), IO.'VINFTOT/VIN
* ,IOO.*CVUJT+WAURvINFT0T)/VIN

GO TO 172
170 ,a111C27,171) J,K,I*DT,IWN
172 CoNT INI

CALL GETTIN(IHRININISECl1IOO)
LEZTE(27,1('' Stappe at Is, 12,89: 161 12,'':11,12)')lfR, ININ, INC

222 FORMATCI/' TIUECKIN) OIScNARSE(CCS),/)
229 PORNATC111IScNAME AT: *.Z0(213,8 1))
III FOWATCZX,P?.2.FI4.3)
112 FOUIATC2X.FV.2.20P10.3)
113 FOUNATC/I' PEAK OISCUARGE in CFPP',P1S.3/' TINE TO PEAK in NIUl
"* FSP11' VOLUME IN in FTWJ20Z.1/V VOLUhf OUT in FT3wu%2P25.3
"* /I SIRFACE VOLUME in PT3',,2P25.3/1 VOLUME INFILTRATED IN PT38'
+ *2F25.3/1PERCENT MASS SALAMCE',m.53/)

171 UOUSATC1PUOGRMN STOPPE FOR NEGATIVE DPTNI,214,ZPIS.6)
1054 FCUIAT(110)
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550 FOUIATOO4
39 FORNAYC IN COLUM SEPININK) IMILTRATIaU(W)')
891 FCUIAT(216.2F1O.0)

IF(IOEPPLT.tO.1) re('
id~anyetvi~m. UDEPAULTNDE
STOP

c RAWTINE RAIN(J.K.MGXRG.YRG,RRGEINT)

c DIUIION NRSCNG) .TE6CUE),1UTC47.?5),MuRO~m)

TOTRAIN60.
C

00 1 L..iNK
EEALJSJ
REALKOK
DISTuURT(C(EJ-Th6CL))*Z.CEEALK-XE6(L) )*2)
IFCDISI.T.IE-5) THEN
ftIUT(J.K)uUG(L
so TO 2
ENDIF
TOTDISTOTOTDIST+1./COhSVý2
TOTRAIDTIOTRAINIR3(L)/01T"2)

I COTINUE
EIUTCJ,K)wTOTUIUITOlTDIST

C --- ~ 3..3 IT CNWM FUN injr TOmw/s
2 IIN*TCJ.K)URINTCJK)O.0254/3600.

REUN-
mm

C
C

IWUOUTIIE KIFILT(JKOT. IUOIL,VINF,PIUF,UOV)
C

INT131I ISOIL(A7,75)
DIENSIO VIUF(47,75),PIUF(10,3)

C
I IMF=IUOILCJ.K)
NYDCOUaPINF(IINF.1)
CSWIUPCIIUF,2)
UU~PIUFCI IMP,3)

C
PI=NYDCSONT-2.*VINFCJ,K)
P2wNYDuCO*VINFCJ.K)#CS*W)
RtUF=(PI4URTCPI**248.*P2T))/C2.*DT)
IFCCUOV/OT).LE.RINF) THEN
RINFIIOV/DT
1Wova
ELSE
NWUWnO-RIUF*T
ENDIF
VINF(J.K)-VINF(J.K$INF-DT
REURN
END

C
C

UUSOUTIHE OVEL(V*INAI,MM DPj,K.JJ.IKE.H.SSW)
C

DINENION EC47,75).U(47,75),MWD(47,75)FIM(1O)
INTEOEPI IMANC47,75)
DATA A/Ij.

C
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0DNOu(N(JJ.KK)'ý /
P40w-DWK.19i
IF(ANC1F).LT. SuI2

*MPAN~CINM(JK))
IF(SU.LT.O) NN4uUJJ*KK)
IFCIF.LT.O) *WSlPMANUCIA(JJ,IK))
IF(hU.LT.USU) RETURN
ALFAw(A@*(l)0*.S)/UIAN

DGOVJ.K)40MCJ.K)-ObS
ODSWCJJ.IX)uOOW(JJ,XK).OM

WMm
to

c

* ~~JeK.JJ.XKKJJJEUUM'P .J.cUUDS.100
C

C
W0(ECJ.K)-=c-E(JJKK)4=c)/W
IFCjjj.LT.O) Till
00 5 IIcw1.EU.1
tP(JJ.EO.ICUUCIIC,1.t).umD.gx.mQ.gCh(ICg.1,2)) TUWQ
SWCE(JK)-Dc-E(JJ.KK).CNPc I IC*Z))/W
Iaus.I'C
05 TO?7

S CONTINEM

7 DWOIuCNcCJJ.KK)-NcU(JK))/W
IPU0-SISK.E-30
IFCDIS(IF)LT.E-20) P.11-20

N ~c(J91)
IFCSF.LT.O) ENN
IcW(N IJNC.M1)
DC~wCNPCIJIUN2)
UWEACUPC IJU.3)
UU.KU(JJ ,KK)
muIF

IPCUN.GT.KU) W41c3.2.*Mc

Obc(JJ,KK)NIcUCJJ,KK)4OG

00 367 ILLSI.WlIS
IFCSF.0E.O) TME

IFCJJ.IS.10CILLt).A.K.LEu.1OCII. L2)) OCILL)w140

367 CONTINEJ
C

RETURN

C
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INCOIVE IFGEAPN.FDI

RlUe /Vidssenf is/ sC'.rw
OMum seuu

C
CALL getvidsoculISt( sOren
if thennidsn.)..(sre~o..s7)is
fourcelern aru.in.
return
eNdif
SELECT CAUN( scresn.adper)
CAN( URSA, SUam)
do"myetwidscod( SERE IFLU)
CAM( WSA )

I , , , , s( SWESidULOR)
CAWE DFAULT

M3 SELECT
CALL gtvid aca iflg( screen'
ftimtelrsa.TII.
IF(Oinv.ES.0) fousuceorss. FALSE.

MOMTINE SIPPLT(f iWt. i dp, rint~nitrn, Irain.tfeetvt,77.
* t~ndimunf~h,hch,niter~dt,qmuq.Ldqmx~m~n)

INCLIME IFORAU.F'

CNARACTER*8 buffer
IuTESWI iahpC47,75), idspcot(10), tinfc.1C10l), rance1C10)
ZUTEQEN'? Omy. color
DOLIBLE PRECISION mxxyy
LORICAL fwmtweou
EXTERNAL faurcolors
.ECo /wxycOord uiy
flEC /vidsoca-flg/ screen
mum scre
OINESION rint(I.7,Th) .vtnf(47,75).hC4?.?5).hchC47,75)
51NENS0 rdep(IO),rinfl(IO),rrain(lO),dbsw (1500.2)
DATA ndiv/'./

OPEN(tlNlTw31FILEu'cotdyn.dstl)
OPEN(UMITU32.FLEaldmev.dmtf)

IFQi.E.1) THEN
IF(.not. faurcetorsC)) THNEN
WRITE(*,*) ITHIS PFU NEUIRE5 ESA 0 VGA CmRD.'

HEMC31,101) Cidspc~lC~c).rd~p(lc),icwl.10)

READC31.101) C0ruicolCc).rrsin(ic).Icsl.10)
101 feiit 03,f`15.0)

C.. . . . . . . . . . . . . . . . . . . . . . . .

CALL clesrscresn( SSWLAMM~EEN1)
ranuscuen.numpipxets
mpusreen.umaypixets
d.inysetcotorC15)
dmyinstuindow( .FALE. .0. .0. 16O.*2.115.*2)
dwMy-rectawute..( SýmER,0.*2.4.*2.SO.92.Th.2)
dwwny-rectewL...( SUUDl.0.*2,4.*2.160.*2.Th.2)
dwmqpmetwwL...w( SýuOER,0.*2,?5.*2,3S.*2.115.*2)
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*.wpreetwwtL~y( UOILNT63.36.2.7 .*2.160.*2.160.*2,S.)

dummy~tcolor( 14)
collt moou(2*4a..r*1l.*.wy)

colt movto WO2.,2111.,umy)
wimvpl frinst..2.e42. ,2.*?9.)

C

30081 kJwu~sdiv,
Goll setllumestylecofff)
call .move o .401.52.411M. -kj*(It1. -7.)/ndiv),vxy)
cAwllnt .t.w(2.'(Q5..ki(15i.-kj.)IfldV..'111.SSmy))
Cot a wnto ..(2.*C42..kJ'(156.-42.)/ndlv),2.*1lo.5,s)

call aatllstyl.(U0000)

call *nstqou(%2...'(15.-kJ'(111.-kj7ll-9.)/ndv)*,i)
81 CaUTI"E
call sestllnstyl.(ffff)

C OBhE3M DATA DISPLAY

imom.*') nabser
300 2 1cl.nsbser*1

IfClc.eq.1) so to 82
Iff~bsor(Ic,1).BT.nltordft/6.) so to 83
xx a (abserC~c.1) *G0.dt)*(156.-42.)/ni ter

Call 11M 0 W(2*(4L.+u),2'c111 .-YY)smKY)
aX a CebserClc-1.1) *60./dt)C(1S6.-42.)/W ter

32 W0117NI"
103 foimstC(M.0)

63 dwonyas~tfo."tCt *Imodsrns *hbiib')

call move o u(%1.5,2f112.,wmy)
wrtte(buffsr,201) 0
call outopuit(haf fat)
call .:no w(2*40.,2*110.3,.Iy)
urite(buffsr*201) 0

201 tooiut(I)
C

cael t utgtext(buf fer)
call mwove 1S..12.,.y
writo(huffor,M0) int(nitordt/6O.)
call outgt.t(buf fee)
Gott OwtOV(2&3B.s,2*76.,wIY)
writt(bofsfer20) IntCqMx)
call wtgtaxt~baff~e)

200 formmtc 1)

formatcalsu14

Call movet.,yC24032.8.r. .iy)
call outgtextcgooeiain Creak Waternhed)
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dwow setfamt(It' *udarflhIM3u13')

calt movetoe(1.2.wy
call ouqtget(qaIonfall late (In/h)TM )
calt movet.u(2*10.8.2*S.,iniy)
calt eutgtext(Obinfalt Rate (In/h)s)
d.ummyetcolor( 10)
Call movetouW(2*%..2..,Nxy)
call OutstextcOswface Depth (m)")
call mov G.tW(23.T,2*5. ,iNy)
Gatl autgtemitt"urface Depth WO))
dumpoe~tfenIt( $modern$mm shlldbl)
idummneetcaerC1O)
call iswe t..w(r2.3,.276. Duy)
call sutgextcmlnfiltratfon Depth (m)w)

C . . . . . . . . . . . . . . . . . . . . . . . . . .
dwompeetfantC't, modem' *I~mfdl)

Call mwetOwv(r90..2*112.,uiy)
call woumtgt(t"Tt (min)N)
"cal msvtouw(28.0S.29q2. .wcy)call Outetext~a as)
dinummtfent('ta @modem$ 'h7Wib@)
Call MwtGey(2WW.1.2*5. DulY)
Calot UttKteatcfSM)

C
dumyneetcolorC0)
&Awpretw~tie..w( S6FILLIUTUIOR* 126.*2,76.*2, 159.'2,84.*2)
dvumyeetcotorC1 1)
dYusetfant(It eaodar I'hI2aibI)
Call ..V4atou(2127. .r77. .uy)
Call WA~tetxKtCTif a
Call .. veto$2*I7. raG. ,wy)
call outgext(Heout a 0)

C . . . . . . . . . . . . . . . . . . . .
C create color bars for depth aud rainfall
c . . . . . . . . . . . . . . . . . . . .

0O 20 11.1,10

dumovsetcotor~tranolC11M

S2*9..2*(43.-3.*l M
d~mmywusetcor( Idepcot (11))
dimmyrectwvigeu( *GIL.LIUTEIU,2*.,2C(41.-3.*1l)

+ 2*0.2*2(43.-3.*11))

&Vuaeytcelor(Ilnc.CI)

col mot~(*0 ,2.%,2C93. -15,w 1))

call .swtou~(2*90.,2C(40.-3.*11),uy)
urite(buffer,105) rraln(II)
call Gutstext(buffer)

urtte(bsaffer,105) ridfp(II)
call oatgtext~buffer)

22 COUTIUIE
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102 fornt(fS.Z)
105 fornt(IP06.0)

C ..... w.... .. .... ... .............. 001 io Jai's
so 10 kuI,n
IU(iubpJ.k).N.0O) so TO 10
IF(1.bp(j,k).20.1) Msuhchj~k)

IF(M.r()IDhh.LT.r aPCZ)) looteruidepmot(2)
IF(Imh.I.rdmpCZ).MID.hh.LTlddspC3)) 1601.refdapealC3)
IF(hh.IE~rdpCI).NJ~kh.LT.edW3()) i..1owid~ot(3)
IF(hh.K.rdap(4).AS.id'.T.fC54)) Imlwu1dvpm1IC4)
IF(hh.U.rdp0)JAW.WM.L1.udW(6)) ivtoewiadepoeLC6)

IFCMS.U.idlIp().MID.hh.LT.tdip(S)) ic.etrwtdepc.1CS)
IF~tih.W.rdWp().*IS.hh.LT.udmp(9)) icotoridinpcot(9)
IFCMh.GT.rdqp(9)) icaowioudmpot(MO

lajw S2.( ILL40)I2RC2.-6)) )2-(*5
IF(indm.inf.U.0) 00 To 11
w~vintCj,k)
IF(wv.LT.rlunf1(1)) iteoramltnfeet(1)
IF~w.M.rinf t(l).AW.vv.LT.rinfLC2)) icoloretinfcoL(2)
IF(vw.U.rnft(2).N.wv.LT.riwfLtC3)) lactoraf info.1C3)
IF(vw.S.ritutf13).*1.w.LT.riwf t(4)) icotart infool(4)
If~w.UE.rfnfl(4).MID.w.LT.rif10tC)) fcoloret lafeol(S)
IF~w.U.r1nf1CS)A.*IUv.LT.rittf(6)) icotes1 infoot(6)
IFCvvW.IEritnf6).NS.w.LT.rintn (7)) icotwiorifcoLCT)
IF(vv.U.rlnf I?) .A1.v.LT.rlaf LC8)) Icotaal infest(S)
IF(w.M.rinfLC(9).AI.w.LT.rinft(9)) itaoraiisteIfotC9)
IF(vw.GT.ritnf (9)) i..1.,vi infedsIlO)
dwmb*umt.w( icolor)
dowperwtanipt w( SSFILLIUTUIU~k,

C
11 IF(i.1T.nit Po lt41) 00 TO 10

IF(Ir.in..q.O.MS.I.ns.1.MWI.tlt.nitmr) 00 To 10
IF(trutn..q.1.AIS.itcl.eq.O.J.I.Lt.nltm) 40 TO 10

Ct7-- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C A 6ng rain f rw We,' to in/hr
C.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

rvrwrnt(J *k)*(100)*3600/2.S4
IPCIgt~ntm1)rrau.

IF~rr.LT.rrafn(1)) Ic.1.rairanc.1(1)
IP~rn.U.rein(1).IS.rr.LT.uraoinZ)) itcelrairanmIt(2)
IP(rr.UE.rr.InC2)..rr.LI.rrmin(3)) Ilooteruarwc.13)
IF(rr.U.rrain(3) .MS.n.LT.rveln(4)) ic.1wutrencoLC4)
IF(rr.UE.rrain(4).AI.rr.LT.nrainCS)) iestouairnmlCtS)
IF(rr.U.rrain(6)JUM.rr.LT.rraatn()) icotorwiuns.1c7t)
IF~rr.U.rr.inCT).*ISrr.LT.rrainCS)) icotor-irnwet(S)

IP(rr.U.rcaitn().AS.rr.LT.rleinC9)) icetnuiruoc.I(9)
IF~rr.GT.rrafnC9)) ise.1.aroim M.(1)

dwmarectarg1.uC SSFILLJN TUIU.2.*(k3),2.C(J+5)

10 cowl"

mtco(It~sadrnll)ib

wlt.(buaff,.122) tdt/d0.
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N call outgtext(buffef)

wrtte(bttfer.122) qwut'3.28P3
cell outgtext(baffer)

122 forintcf6.1)
xxa* 1.'Ci*1ptt) / C1.nfter)

xxa xx * (156.42.)
xx . xx * 42.

*y qotd*3.2"~ / qm
yy a y * (111.-n.)
yy a M. - wy
cal t moveto w(2*xx.2y*W~my)
ZN a IM * 03 (.*ntter)
xxa xxm (156.-42)
mxa m ma 42.
wy a qwuMJ.2r / qmx
yy a yy * CIM1-79.)
WuialM. - W
d.us~watcotor(12ý
dunmya 1tnstw(2*xx,2*y)
REum
EM

c -- - - - - - -NO
C SET UP FONTS FOR IMPHICS NAll
c

SLROMTXNE P011150
$~MIST

IuCIMu IFOAPN.FO'
$LI1ST

INTEUR*2 11UM2 N.J
CNARACTEEM" FPATH
I0UN2wKGISTEF0NTS(1*.FOh')
IF (1016 .1E. 0)90o To 1010

1000 WRITW(.C' Enter patti to font ftlie (drive: %di r1di r2...)

RLO(~(M)') PATN
DO 1005 1.1.64

1005 IFC(FPATN(I:I).E.g @).AND.CJ.EG.I-M) Jul
IF CFPATN(J:J).NE.1\) THEN
J.J+1
FPATN(JtJ)nm'V
MIWF
FPATN a FPATHCI:J // *.FON1
IDINI2UEEGISTFONTSCFPATN)
IF (IDMA2.T.0) 00 To 1000

1010 IDIJI2uSETF0UT(' t' *rumnn'h1m2v ')
REURN
EM
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13. Concluded.

The watershed area to which the models have been applied is Goodwin Creek located in north
Mississippi nea•r Batesville. Goodwin Creek. with an area of approximately 8.4 square miles, has been
extensively monitored by the Agricultural Research Service located in Oxford, MS. This watershed along
with the extensive measured rainfall and streamfiow data offers a unique opportunity to compare watershed
hydrology models for the purpose of assessing their performance.

The rainfall-runoff techniques evaluated were Snyder's and Soil Conservation Service's (SCS's) unit
hydrograph methods in the NEC- I computer model, and a two-dimensional diffusive wave overland flow
routing method (CASC2D) developed at Colorado State University. For comparison purposes, the
Green-Ampt infiltration scheme used in the CASC2D model was also used in the IEC-I computer model.
Also, the Muskingum-Cunge channel routing option in HEC-1 was used in order to be comparable to the
one-dimensional diffusive wave channel routing method of the CASC2D model.

Results from the study revealed that none of the approaches were able to accurately simulate all storm
events. Both the SCS and Snyder lumped unit hydrograph techniques performed weil as long as there were
gage data for calibration of the sub-basin parameters. However, the distributed model, CASC2D,
consistently performed better than or as well as the other techniques over the complete range of storm
events tested with regard to peak flows, runoff volume, and hydrograph shape. When there was a lack of
sub-basin gage data, CASC2D performed better than the lumped models. Based upon the observed and
hypothetical storm events simulated in this study, it can be concluded that

(a) When sufficient sub-basin gaged data are available for calibration purposes, all three watershed
hydrologic modeling techniques will produce similar results for design of hydraulic structures.

(b) For limited gage data and for ungaged watershed analysis. the distributed model will provide more
realistically shaped hydrographs.

(c) For predictions of sediment yield and ransport from watersheds, the distributed rainfall-runoff
model will have the advantage over a lumped sub-basin unit hydrograph approach.

(d) The spatially distributed rainfall-runoff technique appears to have other advantages when compared
to lumped unit hydrograph methods for purposes of developing a real-time flood forecasting model. This
will be especially true when coupled with an accurate updated Geographic Information System (GIS) (rastor
or vector) database and with remote data acquisition systems.


